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FOREWORD 

The use  o f  a buoyant s t a t i o n  t o  e x p l o r e  t h e  atmosphere o f  
Venus has  shown g r e a t  promise i n  previous s t u d i e s .  The h i g h  
tempera tures  and p r e s s u r e s  l i k e l y  t o  be encountered and t h e  un- 
known s u r f a c e  c h a r a c t e r i s t i c s  tend t o  make t h e  i n  s i t u  explora-  
t i o n  of t h i s  p l a n e t  d i f f i c u l t .  The buoyant s t a t i o n  concept  per- 
m i t s  t h e  m i s s i o n ' s  ins t ruments  t o  be f l o a t e d  i n  t h e  atmosphere i n  
a moderate environment,  l o c a l i z i n g  t h e  environment problem t o  r e l a -  
t i v e l y  compact drop sondes,  and avoid ing  t h e  problem of l a n d i n g ,  
deployment, and s u r v i v a l  on t h e  s u r f a c e .  R e l a t i v e l y  simple m i s -  
s i o n s  can t h u s  be d e f i n e d  t h a t  have t h e  advantages of  long dura-  
t i o n  and m o b i l i t y  over  t h e  s u r f a c e ,  depending on t h e  e x i s t i n g  wind 
p a t t e r n s .  From such a s t a t i o n ,  measurements r e l a t i n g  both  t o  t h e  
atmosphere and t h e  s u r f a c e  can be made. The s u r f a c e  measurements 
can be obta ined  e i t h e r  i n d i r e c t l y  o r  by sondes dropped from t h e  
parent  buoyant s t a t i o n .  

* 

T h i s  f i n a l  r e p o r t  on t h e  Buoyant Venus S t a t i o n  Mission F e a s i -  
b i l i t y  Study f o r  1972 - 1973 Launch O p p o r t u n i t i e s  i s  submit ted by 
t h e  Mart in  M a r i e t t a  Corpora t ion ,  Denver D i v i s i o n ,  i n  accordance 
w i t h  Cont rac t  NAS1-7590. 

T h i s  r e p o r t  i s  submit ted i n  t h r e e  volumes a s  fo l lows:  

Volume I - Mission Summary D e f i n i t i o n  and Comparison; 

Volume I1 - T r a j e c t o r y  Analys is  f o r  1972 and 1973 M i s -  
s i o n s  ; 

Volume I11 - Conf igura t ion  D e f i n i t i o n .  

;kJ. F. Baxter:  F i n a l  Repor t ,  Buoyant Venus S t a t i o n  F e a s i -  
b i l i t y  Study, Volume I,  Summary and Problem I d e n t i f i c a t i o n .  
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H e  

02 

The model atmospheres used i n  t h i s  s tudy  were based on t h e  
p re l imina ry  Mariner V and Venera I V  d a t a  ( r e f s  A 1  and A2). 
r a d i u s  r e f e r e n c e  f o r  t h e  Mariner V d a t a  has  s i n c e  been r e v i s e d  
( r e f .  A3) .  However, t h i s  r e v i s i o n  merely s h i f t s  t h e  p r o f i l e s  
given i n  r e f e r e n c e  A 1  downward by 8.85 km. 
used i n  t h e  BVS s t u d y  were based on a r a d i u s  scale t h a t  w a s  
s h i f t e d  6.74 km downward from t h a t  g iven  i n  r e f .  Al.)  
e f f e c t  of t h i s  new r e v i s i o n  i s  t o  s l i g h t l y  change t h e  r a d i u s  
(by - 2 km) a t  which s i g n i f i c a n t  deployment even t s  occur .  

The 

(The model p r o f i l e s  

The on ly  

N = 3 2 . 5  k . 2  

N = 247.4 k . 2  
I 

This  appendix summarizes both t h e  model atmospheres used i n  
t h e  s tudy  and a model based on t h e  more r e c e n t  ana lyses  of t h e  
Mariner V da t a .  

MODELS USED FOR BVS STUDY 

The t h r e e  models used i n  t h e  s tudy  were developed from t h e  
Mariner V and Regulus o c c u l t a t i o n  d a t a  and the  Venera I V  measure- 
ments. F i r s t ,  t h e  Mariner V r e f r a c t i v i t y  p r o f i l e  ( s h i f t e d  down- 
ward by 6.74 krn from t h a t  of r e f .  Al)  w a s  used t o  e s t a b l i s h  t h e  
r a d i u s  r e f e r e n c e  and t h e  p re s su res  and tempera tures  c a l c u l a t e d  
f o r  composi t ions of 90 k 5% CO, and 10 k 5% N, over  t h e  
range 6091 t o  6118 km r a d i u s .  The r e f r a c t i v i e s  used f o r  t he  
c a l c u l a t i o n s  are given i n  t a b l e  A 1  (from r e f .  A4). 

TABLE A 1 . -  RADIO REFRACTIVITY OF GASES AT 293 OK, 1 ATM 

N = 461 k 1 x 10' 

N = 274.0 k .5 

N = 258.6 & . 4  

1 
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Below 6091 km, t h e  atmospheric  p r o p e r t i e s  were e x t r a p o l a t e d  
downward t o  6050 km r a d i u s  assuming a p res su re -  and temperature-  
dependent d r y  a d i a b a t i c  l a p s e  rate. 

The p r o p e r t i e s  f o r  t h e  t h r e e  models are t a b u l a t e d  i n  t a b l e s  
A2 t h r u  A4. F i g u r e  A 1  shows t h e  p r e s s u r e  and tempera ture  p r o f i l e s  
and t h e  l o c a t i o n  of t h e  c louds .  

The c loud  top  r a d i u s  i s  6121 f 8 km. I f  i t  i s  assumed t h a t  
t h e  c louds  are composed of H,O, i n  e i t h e r  l i q u i d  o r  s o l i d  form, 
t h e  th i ckness  of t h e  c loud  l a y e r  can  b e  e s t ima ted .  Anduevskiy 
( r e f .  A2) f i n d s  t h a t  any water c louds  formed would be composed of 
ice o r  supercooled  water d r o p l e t s  w i t h  t h e  bottom o f  t h e  l a y e r  
be ing  35.5 t o  34.3 km above t h e  p o i n t  where Venera I V  ceased  
t r ansmiss ion  (assuming a w a t e r  vapor c o n t e n t  of 0.5 t o  1.0% by 
volume). S imi l a r  r e s u l t s  are ob ta ined  us ing  t h e  Mariner V P-T 
cu rve  (see f i g .  A 2 ) .  The c loud  l a y e r  i s  then  about  6 t o  10 km 
t h i c k .  

F o r t u n a t e l y ,  conf idence  i n  t h e  models i s  g r e a t e s t  i n  t h e  
r eg ions  where t h e  BVS i s  t o  f l o a t  ( i .e . ,  below 6120 and above 
6090 km r a d i u s )  s i n c e  most of t h e  measurements r e f e r ' t o  t h a t  
r eg ion .  Above t h e  c loud  tops  and below t h e  l a s t  Venera I V  measure- 
ments of p r e s s u r e  and temperature ,  t h e  conf idence  level dec reases  
w i t h  d i s t a n c e .  

REVISED MODELS 

These models are based on more r e c e n t  ana lyses  (e .g . ,  r e f s .  
A 3  and A5). 

A s  above, t h e  Mariner V r e f r a c t i v i t y  p r o f i l e  ( r e v i s e d  as i n  
r e f .  A3) w a s  used t o  e s t a b l i s h  t h e  r a d i u s  r e f e r e n c e  and t h e  lower 
atmosphere p r o p e r t i e s  ob ta ined  by e x t r a p o l a t i n g  down t o  6050 f. 5 
km wi th  a p res su re -  and temperature-dependent a d i a b a t i c  l a p s e  
rate. This  i s  shown i n  f i g .  A3; f i g u r e s  A4 and A 5  compare t h e  
Mariner and Venera d a t a .  

Work i s  s t i l l  i n  progress  on making a model f o r  t h e  upper 
atmosphere c o n s i s t e n t  w i t h  t h e  Mariner and Regulus d a t a  because  
t h e r e  i s  s t i l l  some u n c e r t a i n t y  concern ing  t h e  l a p s e  rate above 
t h e  c louds .  However, f i g .  A6 shows t h a t  approximate agreement 
can b e  ob ta ined  merely by matching McElroy's model ( r e f .  A 5 )  t o  
t h e  Mariner p r e s s u r e  p r o f i l e ;  t h e  tempera ture  p r o f i l e s  do n o t  
q u i t e  match up b u t  t h i s  i s  n o t  s i g n i f i c a n t .  

2 
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APPENDIX B 

The h e a t  s h i e l d  des ign  requirements  f o r  a Venus e n t r y  v e h i c l e  
have been s t u d i e d  f o r  t h r e e  e n t r y  modes: (1) e n t r y  from Venus 
o r b i t ,  (2) e n t r y  from Venus approach t r a j e c t o r y ,  and (3) e n t r y  
from an  approach t r a j e c t o r y  t h a t  a l lows  t h e  s p a c e c r a f t  t o  swing 
by Venus and con t inue  on a cour se  t o  Mercury. The requirement  
f o r  t h i s  s tudy  r e l a t i v e  t o  t h e  h e a t  s h i e l d  has  been de f ined  as: 

1) Determinat ion of t h e  t h i c k n e s s  and weight  of a b l a t i v e  

2) A d e f i n i t i o n  of h e a t  s h i e l d  development requi rements ,  

m a t e r i a l  r e q u i r e d  f o r  t h e  miss ions  s t u d i e d ;  

HEAT SHIELD REQUIREMENTS 

The b a s e l i n e  a e r o s h e l l  c o n f i g u r a t i o n  f o r  t h e  t h r e e  miss ions  
cons idered  i n  t h e  BVS s tudy  was s e l e c t e d  as a s p h e r i c a l l y  b lun ted ,  
55' h a l f - a n g l e  cone. The approach taken  t o  d e f i n e  t h e  hea t  s h i e l d  
requirements  f o r  t h i s  v e h i c l e  w a s  as fo l lows:  

1) Abla t ive  m a t e r i a l s  were s e l e c t e d  f o r  a n a l y s i s ,  which 
are c o n s i s t e n t  w i th  t h e  p re sen t  s t a t e  of t h e  a r t  i n  
t h i s  technology;  

2 )  The hea t  s h i e l d  th i cknesses  and u n i t  weights  ( f i g .  B l )  
were determined us ing  nominal m a t e r i a l  p r o p e r t i e s ,  bu t  
u s ing  h e a t i n g  i n p u t s  t h a t  have been inc reased  by a p -  
p r o p r i a t e  u n c e r t a i n t y  f a c t o r s ;  

t o  u n c e r t a i n t i e s  i n  both t h e  aero thermal  environment 
and t o  m a t e r i a l  performance unknowns were eva lua ted .  

3)  The s e n s i t i v i t y  of t h e  p red ic t ed  backface tempera ture  

Ab la t ive  Mate r i a l  Congidera t ion  

The a b l a t i v e  h e a t  s h i e l d  th i cknesses  and weights  determined 
f o r  t h e  t h r e e  BVS miss ions  were based on t h e  p r o p e r t i e s  of a b l a -  
t i v e  materials t h a t  have been e x t e n s i v e l y  ground t e s t e d  and whose 
performance has  been v e r i f i e d  dur ing  E a r t h  r e e n t r y  f l i g h t  t e s t .  
The m a t e r i a l s  s e l e c t e d  f o r  t h i s  s tudy  are: Mar t in  Marietta ESA- 
5500, a carbon f i l l e d  e l a s tomer i c  s i l i c o n e  a b l a t o r  t h a t  w a s  used 
on h igh  h e a t i n g  ra te  l ead ing  edges of t h e  PRIME v e h i c l e ;  Avcoat 
5026-39 HC-G Apollo mater ia l ,  which i s  a f i l l e d  epoxy; and l a m i -  
na ted  carbon phenol ic ,  which has  been f l i g h t  t e s t e d  i n  numerous 
forms on b a l l i s t i c  e n t r y  systems.  These materials, which repre- 
s e n t  t h e  t h r e e  b a s i c  types  of c h a r r i n g  a b l a t i o n  materials, each 
have s p e c i f i c  advantages and d isadvantages  t h a t  must be weighed i n  
terms of s p e c i f i c  miss ion  requi rements .  These are summarized i n  
Table B 1 .  
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Developmental e f f o r t  t h a t  i s  common t o  any m a t e r i a l  i s  t h e  de- 
t a i l  material  process ing  r equ i r ed  be fo re  a p p l i c a t i o n  t o  t h e  s t r u c -  
t u r a l  s u b s t r a t e  and t h e  a c t u a l  f a b r i c a t i o n  and c u r i n g  procedures 
t o  be fo l lowed.  The e f f e c t s  of s t e r i l i z a t i o n  on t h e  thermal  and 
mechanical p r o p e r t i e s  must be understood f o r  any material u l t i -  
mately s e l e c t e d .  

A f t e r  launch and be fo re  e n t r y ,  t h e  response of t h e  h e a t  s h i e l d  
t o  vacuum and space temperatures  m u s t  be cons ide red .  Of t h e  t h r e e  
materials being cons idered ,  carbon phenol ic  w i l l  be t h e  least  a f -  
f e c t e d  by t h e s e  environments.  Vacuum e f f e c t s  w i l l  be minimal be- 
cause  of t h e  h i g h l y  c r o s s - l i n k e d  n a t u r e  of t h e  phenol ic  r e s i n  sys -  
t e m .  Low t e m p e r a t u r e  soak, a l though a c o n s i d e r a t i o n ,  i s  not  ex- 
pected t o  be a s i g n i f i c a n t  problem because t h e  thermal  expansion 
of carbon phenol ic  approximates t h a t  of most commonly used s t r u c -  
t u r a l  materials. S i m i l a r l y ,  t h e  ESA-5500 m a t e r i a l  w i l l  p r e sen t  no 
p a r t i c u l a r  problem a t  low tempera tures  because i t  was s p e c i f i c a l l y  
formulated w i t h  p o t e n t i a l  low tempera ture  a p p l i c a t i o n s  i n  mind. 
Offgass ing  of condens ib le  v o l a t i l e s  i s  a d e f i n i t e  problem wi th  
t h i s  type  of material, which w i l l  r e q u i r e  e i t h e r  r e s i n  modif ica-  
t i o n  and/or  cu re  cyc le  changes.  I n  e i t h e r  case ,  t h e  f i n a l . p r o d u c t  
m u s t  be r eeva lua ted  wi th  r e s p e c t  t o  i t s  low tempera ture  s t r a i n  
c a p a b i l i t y .  Epoxy-based materials, such as t h e  Avcoat 5026-39HCGY 
become r i g i d  a t  low temperatures  and c r a c k .  For  miss ions  i n  which 
t h e  h e a t  s h i e l d  i s  turned  away from t h e  sun,  i . e . ,  t a r g e t i n g  f o r  
s u n l i g h t  s i d e  of t h e  p l a n e t ,  t h i s  could be a d e f i n i t e  d e t e r e n t  t o  
t h e  use of t h i s  material .  

During e n t r y ,  t h e  h e a t  s h i e l d  m u s t  s u r v i v e  a s h o r t  ( ~ 1 5  sec )  
thermal  pu l se  composed of high convec t ive  and r a d i a t i v e  h e a t i n g  
r a t e s  and v iscous  s h e a r  l e v e l s .  A f t e r  t h e  h e a t  pu l se ,  t h e  h e a t  
s h i e l d  m u s t  provide i n s u l a t i o n  between t h e  h o t  s u r f a c e  and t h e  
s t r u c t u r e  f o r  approximately 1 minute .  Char r e t e n t i o n  i s  of para- 
mount importance because r e r a d i a t i o n  from t h e  high temperature  
s u r f a c e  i s ,  cons ide r ing  t h e  e n t i r e  h e a t  pu lse ,  t h e  most important  
h e a t - r e j e c t i o n  mode. Mechanical e r o s i o n  of t h e  c h a r  d r a s t i c a l l y  
reduces t h e  e f f i c i e n c y  of a m a t e r i a l  because of a r educ t ion  i n  
s u r f a c e  temperature  and, hence,  r e r a d i a t i o n .  When cha r  i s  eroded, 
t h e  m a j o r i t y  of t h e  h e a t  input  m u s t  be absorbed by t h e  m a t e r i a l .  
The char  s t r e n g t h  of carbon phenol ic  i s  v a s t l y  s u p e r i o r  t o  t h a t  
of e i t h e r  ESA-5500 o r  Avcoat 5026-39 HCG when h igh -p res su re  molding 
techniques  are used.  It is a n t i c i p a t e d  t h a t  t h i s  advantage w i l l  be 
r e t a i n e d  f o r  t h e  f a b r i c a t i o n  procedure,  which i s  developed f o r  a 
Venus e n t r y  probe.  However, because t h e  s t r e n g t h  of g r a p h i t i c  m a -  
t e r i a l s ,  i n  g e n e r a l ,  undergoes a sha rp  drop a t  t e m p e r a t u r e s  above 
6000"F, t h e  c h a r  s t r e n g t h  a t  t h e  extreme t e m p e r a t u r e s  p red ic t ed  
f o r  Venus must be i n v e s t i g a t e d .  
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The i n s u l a t i o n  e f f i c i e n c y  of t h e  h e a t  s h i e l d  i s  of g r e a t  i m -  
por tance  because t h e  temperature  r i s e  of t h e  s t r u c t u r e  mus t  be 
l i m i t e d  du r ing  a thermal  soakout per iod ,  which i s  approximately 
t h r e e  t imes as long (45 vs  15  sec)  as t h e  h e a t  pu l se  i t s e l f .  I n  
t h i s  r e s p e c t ,  t h e  Apollo material ranks f i r s t  by v i r t u e  of i t s  
low d e n s i t y  (33 l b / f t 3 )  and low thermal c o n d u c t i v i t y  (1.6 x 
Btu/in.-sec-OR), Use \of ESA-5500 does not  r e s u l t  i n  a l a r g e  pen- 
a l t y  because i t s  d e n s i t y  i s  not  h igh  (58 l b / f t 3 ) ,  and i t  a l s o  has  
a low thermal  c o n d u c t i v i t y  (3.0 x Btu/in.-sec-OR). The u s e  
of carbon phenol ic  would impose a l a r g e  weight pena l ty  because 
i t s  d e n s i t y  (91 lb / f t3 )  and thermal c o n d u c t i v i t y  (9 x lom6 Btu / in . -  
sec-OR) are both h igh .  

The t h i r d  major c h a r a c t e r i s t i c  t o  be cons idered  i s  t h e  thermo- 
s t r u c t u r a l  c a p a b i l i t y  of t h e  a b l a t i v e  material, i . e . ,  i t s  a b i l i t y  
t o  gene ra t e  thermal  stresses i n  t h e  a b l a t i v e  l a y e r  and bondl ine 
dur ing  t h e  e n t r y  phase.  Carbon phenol ic  lamina tes  r e t a i n  t h e i r  
high s t r e n g t h  a t  temperatures  as high as 5000'F ( r e f .  B1) and, 
t h e r e f o r e ,  thermal  s t r e s s  a n a l y s i s ,  m a t e r i a l  thermomechanical 
p rope r ty  de te rmina t ion ,  and l a r g e - s c a l e  v e r i f i c a t i o n  t e s t i n g  w i l l  
be a r e q u i r e d  p a r t  of any program i n  which t h i s  type of a b l a t i v e  
material i s  used. Elas tomer ic  materials c h a r a c t e r i s t i c a l l y  have 
a low modulus and s t r e n g t h  so  t h a t  thermal  stresses are r e l a t i v e l y  
i n s i g n i f i c a n t .  E las tomer ic  m a t e r i a l s  possess  many o t h e r  d e s i r a b l e  
f e a t u r e s ,  i nc lud ing  h igh  i n s u l a t i o n  e f f i c i e n c y ,  minimum s u s c e p t i -  
b i l i t y  t o  cold-soak f a i l u r e s ,  and s i m p l i c i t y  of f a b r i c a t i o n ,  i n -  
spec t ion ,  and r e p a i r .  The major d e t r i m e n t a l  c h a r a c t e r i s t i c s  of 
t h i s  c l a s s  of materials, however, i s  a g e n e r a l l y  low r e s i s t a n c e  
t o  aeromechanical f o r c e s ,  i . e . ,  v i scous  s h e a r  stress and p res su re  
g r a d i e n t .  Although s h e a r  f o r c e s  are a cons ide ra t ion  i n  any hea t  
s h i e l d  des ign  and, i n  many cases ,  a d d i t i o n a l  material m u s t  be pro- 
v ided  t o  account f o r  mechanical e ros ion ,  a n a l y t i c a l  p r e d i c t i o n  of 
mechanical e r o s i o n  ra tes  i s  unce r t a in ,  and extremely conse rva t ive  
des ign  p r a c t i c e s  m u s t  be used. Because a n a l y s i s  i n d i c a t e s  t h a t  
mechanical e r o s i o n  i n c r e a s e s  the  th i ckness  of ESA-5500 r equ i r ed  
by a f a c t o r  of two over  t h a t  r equ i r ed  i f  s h e a r  is  no t  cons idered ,  
a series of material tes ts  w a s  i n i t i a t e d  t o  demonstrate  t h e  f e a s i -  
b i l i t y  of formula t ing  an e l a s tomer i c  material t h a t  would not  erode 
mechanical ly  a t  t h e  moderate shea r  l e v e l s  (<lo0 p s f )  p red ic t ed  f o r  
e n t r y  from f l y b y  and o r b i t .  

The f i r s t  s t e p  taken  was t o  conduct a sc reen ing  program i n  t h e  
Mart in  Marietta Corporat ion 1 .5  MY p la sma  a r c ,  i n  which 10 modif ied 
v e r s i o n s  of ESA-5500 were t e s t e d  and compared wi th  t h e  o r i g i n a l  
formula t ion  and wi th  carbon phenol ic .  The models t e s t e d  were 1% 
i n .  f l a t - ended  c y l i n d e r s .  The two t e s t  c o n d i t i o n s  were as tabu-  
l a t e d .  
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M a t  e r i a1 

ESA-5500 

ESA-5500 (M-IO) 
ESA-5500 

ESA-5500 (M-10) 

Tes t  Heat ing r a t e ,  Enthalpy,  P res su re ,  Test t i m e ,  
c o n d i t i o n  Btu/f  t2 -sec  B tu / lb  a t m  sec 

1 1140 7240 1 .o 15 

2 600 4000 1 .o 15 

< 

Jr a 
ril 

T e s t  c o n d i t i o n  lil 
TW' f, - 

T O F  ' i p s  

1 4600 0.0204 1 . 7 3  

1 5020 0.0099 1.025 

2 40 50 0.0132 1.02 

2 4200 0.00527 .59 
i 

The degree of improvement t h a t  can be a n t i c i p a t e d  i s  i l l u s t r a t e d  
by comparing t h e  r e c e s s i o n  rates of t h e  b a s i c  ESA-5500 and ESA- 
5500 (M-10) i n  Table B 2 .  

a i? 

i s  t h e  r a t i o  of t h e  measured mass l o s s  ra te  t o  t h e  t h e o r e t -  
% 

i c a l  mass l o s s  r a t e  assuming r e c e s s i o n  i s  c o n t r o l l e d  by d i f f u -  
s i o n  l i m i t e d  combustion of t h e  carbon i n  t h e  c h a r .  

A t  t e s t  cond i t ion  1, t h e  r e c e s s i o n  of (M-10) mod i f i ca t ion  w a s  ap- 
proximate ly  thermochemical, whereas ESA-5500 was eroded a t  a ra te  
70% g r e a t e r  due t o  p re s su re  f o r c e s  on t h e  model f a c e .  

A t  t h i s  p o i n t  i n  t i m e ,  i t  a p p e a r s  t h a t ,  of t h e  group of e x i s t i n g  
materials, carbon phenol ic  would be t h e  b e s t  m a t e r i a l  s e l e c t i o n  on 
t h e  b a s i s  of t h e  f a c t o r s  l i s t e d  i n  t a b l e  B 1  and d i scussed  above. 
The two major nega t ive  f a c t o r s  a s s o c i a t e d  w i t h  t h e  use of t h i s  m a -  
t e r ia l  are weight  and thermal  stresses.  Both t h e  ESA-5500 and 
Avcoat 5026-HCG have good i n s u l a t i o n  c h a r a c t e r i s t i c s  bu t  low cha r  
s t r e n g t h  and low r e s i s t a n c e  t o  aeromechanical  f o r c e s .  The ESA- 
5500-type m a t e r i a l  possesses  e x c e l l e n t  t h e r m o s t r u c t u r a l  charac-  
t e r i s t i c s  a t  both low and h igh  tempera tures .  I n  view of t h e  over-  
a l l  t h e o r e t i c a l  and exper imenta l  e f f o r t  t h a t  w i l l  be r equ i r ed  t o  
o b t a i n  a h igh  degree of conf idence  i n  any Venus h e a t  s h i e l d  de- 
s i g n ,  i t  cannot  be s t a t e d  a t  t h i s  t i m e  t h a t  any of t h e  s t a t e - o f -  
t h e - a r t  materials i s  a c l e a r  c u t  choice .  Thus, ESA-5500 and carbon 
phenol ic  have been s e l e c t e d  f o r  t h i s  s tudy ,  because Mart in  Marietta 
has  had t h e  most exper ience  wi th  t h e s e  materials and can,  t h e r e f o r e ,  
p r e d i c t  performance and s e n s i t i v i t y  wi th  t h e  h i g h e s t  confidence 
l e v e l .  ESA 5500M shows such promise t h a t  i t  has  been inc luded  i n  
t h e  a n a l y s i s  of h e a t  s h i e l d  requirements  f o r  t h e  v a r i o u s  mis s ions .  

34 



APPENDIX B 

H e a t  Sh ie ld  Thickness and Weight Requirements 

The th i ckness  and weight  p e r  u n i t  area of a b l a t i v e  material 
r equ i r ed  i s  summarized i n  f i g u r e  B2 as a f u n c t i o n  of i n i t i a l  e n t r y  
ang le  and b a l l i s t i c  c o e f f i c i e n t  f o r  e n t r y  v e l o c i t i e s  of 32 000, 
38 000, and 44 000 f p s .  Because t h e  s t r u c t u r a l  s u b s t r a t e  i s  a l u -  
minum, t h e  maximum a l lowable  a b l a t o r  backface temperature  w a s  con- 
s e r v a t i v e l y  s e l e c t e d  as 300'F. 

I n  t h e  des ign  of t h e  h e a t  s h i e l d  f o r  t h e  t h r e e  miss ions ,  carbon 
phenol ic  and ESA-5500M are assumed t o  receed due t o  thermochemical 
r e a c t i o n s  as descr ibed  i n  r e fe rence  B 2 .  For ESA-5500, mechanical 
e r o s i o n  i s  assumed t o  occur  a t  t h e  p y r o l y s i s  zonelchar  i n t e r f a c e  
a t  a rate l i m i t e d  by t h e  deg rada t ion  k i n e t i c s  of t h e  p l a s t i c  mate- 
r i a l  ( r e f ,  B 2 ) .  Thus, t h e  d i f f e r e n c e  i n  performance between the  
two v e r s i o n s  of ESA-5500 i s  due t o  t h e  mechanical e r o s i o n  of t h e  
unre inforced  material. 

The a b l a t i o n  p r e d i c t e d  f o r  t hese  materials i s  summarized i n  
f i g u r e  B3. ESA-5500 a b l a t e s  a s i g n i f i c a n t  f r a c t i o n  of i t s  o r i g -  
i n a l  t h i ckness ,  whereas f o r  carbon phenol ic  and ESA-5500(M), t h e  
m a t e r i a l  l o s s  i s  nominal. A s  shown i n  t h i s  f i g u r e ,  however, p r e -  
d i c t e d  s u r f a c e  temperatures  are extreme f o r  both of t h e  materials 
f o r  which e r o s i o n  i s  no t  cons idered .  
high t e m p e r a t u r e s  i s  d iscussed  l a t e r  i n  terms of material resist- 
ance t o  aeromechanical f o r c e s .  

The p o s s i b l e  e f f e c t s  of t h e s e  

S t r u c t u r e  t e m p e r a t u r e  h i s t o r i e s  f o r  t h e  des ign  a b l a t o r  t h i c k -  
nesses  a r e  shown i n  f i g u r e  B4 f o r  ESA-5500(M) f o r  t h e  e n t r y  from 
approach t r a j e c t o r y  and f o r  carbon phenol ic  f o r  t h e  V/M f l y b y  
miss ion .  The s i g n i f i c a n t  po in t  t o  n o t e  from t h e s e  curves i s  t h a t  
t h e r e  i s  no s t r u c t u r e  tempera ture  rise p r e d i c t e d  du r ing  t h e  e n t r y  
h e a t i n g  p u l s e .  The e n t i r e  temperature  i n c r e a s e  occurs  as a r e s u l t  
of t h e  thermal  soak whi le  t h e  probe i s  d e c e l e r a t i n g  from Mach 2 
(approximately t h e  end of h e a t i n g )  t o  Mach 0 .5 ,  a t  which t h e  aero-  
s h e l l  i s  j e t t i s o n e d ,  

The aero thermal  e n t r y  environment and t h e  u n c e r t a i n t y  f a c t o r s  

Fac to red  h e a t i n g  has  been used 
a p p l i e d  t o  t h e  t h e o r e t i c a l l y  determined h e a t i n g  components a r e  
g iven  i n  t a b l e  93 of t h i s  r e p o r t .  
t o  determine t h e  des ign  a b l a t o r  requi rements  summarized above. 
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Heat S h i e l d  S e n s i t i v i t y  S t u d i e s  

oc i t f t h e  l a r g e  u n c e r t a i n t i e s  t h a t  are d w i t h  
t h e  r a d i a t i o n  h e a t i n g  Gates and t h e  extreme s u r f a c e  tempera tures  
p r e d i c t e d  f o r  Venus e n t r y ,  e v a l u a t i o n  of  t h e  e f f F c t s  of  unknowns 
i n  both  t h e  environment and a b l a t i o n  material performance i s  par -  
t i c u l a r l y  p e r t i n e n t  t o  t h i s  type  of s t u d y .  Although t h e  s e n s i -  
t i v i t y  s t u d i e s  conducted dur ing  t h e  BVS s t u d y  are by no means 
all-encompassing, they  do d e a l  w i t h  some of t h e  more important  
unknowns. S p e c i f i c  problem areas examined w e r e :  

1) The s e n s i t i v i t y  of h e a t  s h i e l d  t h i c k n e s s  requirements  
t o  e n t r y  environment u n c e r t a i n t i e s  h a s  been examined; 

2) The s e n s i t i v i t y  of  carbon phenol ic  and ESA-5500(M) 
a b l a t i o n  have been e v a l u a t e d  i n  l i g h t  of high-tempera- 
t u r e  s t r e n g t h  d a t a  f o r  g r a p h i t e  and carbon phenol ic ;  

3) The e f f e c t s  of u n c e r t a i n t i e s  i n  t h e  thermodynamic 
p r o p e r t i e s  of carbon vapor  have been examined. 

Thermal environment s e n s i t i v i t y , -  The fo l lowing  cases were 
analyzed t o  determine t h e  v a r i a t i o n  of t h e  t h i c k n e s s  of carbon 
phenol ic  r e q u i r e d  a t  t h e  s t a g n a t i o n  p o i n t  as a f u n c t i o n  of v a r i -  
a t i o n s  i n  t h e  f a c t o r  a p p l i e d  t o  t h e  nominal r a d i a t i v e  h e a t i n g  
ra tes .  The s t u d y  w a s  made f o r  t h e  d i r e c t  e n t r y  d e s i g n  case, 

= 3 0 " :  VE = 38 000 f p s  at  yj  
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A s  can be seen from t h e  r e s u l t s  shown i n  f i g u r e  B5, t h e  s e n s i -  
t i v i t y  of t h i ckness  r equ i r ed  i s  r e l a t i v e l y  i n s e n s i t i v e  t o  l a r g e  
u n c e r t a i n t i e s  i n  t h e  r a d i a t i v e  h e a t i n g  of bo th  i t e m s  of t h e  i n d i -  
v i d u a l  components and t h e  t o t a l .  For example, comparing t h e  t h i c k -  
ness  r equ i r ed  f o r  t h e  b a s e l i n e  c r i t e r i a  (case 5) wi th  case 4 ,  i n  
which t h e  nominal l e v e l s  of a l l  components were used, w e  see t h a t  
dec reas ing  t h e  t o t a l  r a d i a n t  h e a t  by 60% decreases  t h e  r equ i r ed  
th i ckness  by on ly  7% from 0.624 t o  0.585 i n .  The e f f e c t  of i n -  
c r e a s i n g  t h e  nonequi l ibr ium component by a f a c t o r  of 5 ( case  1 VS) 
ca se  3 ) ,  which i n c r e a s e s  t h e  t o t a l  r a d i a t i v e  load  by 220% i n c r e a s e s  
t h e  th i ckness  requirement  by aga in  on ly  7%. I n  a d d i t i o n  t o  t h e  low 
s e n s i t i v i t y  of t h i ckness  r equ i r ed  t o  r a d i a n t  h e a t ,  t h e  f a c t  t h a t  
t h e  curve i s  smooth i n d i c a t e s  an  i n s e n s i t i v i t y  t o  v a r i a t i o n  i n  t h e  
shape of t h e  r a d i a n t  pu l se  because t h e  changes i n  f a c t o r s  s i g n i f i -  
c a n t l y  change t h e  pu l se  shape .  

Char s t r e n o t h  s e n s i t i v i t y . -  I n  a l l  of t h e  foregoing  ana lyses ,  
w i th  t h e  excep t ion  of t h e  a n a l y s i s  of unmodified ESA-5500, i t  has  
been assumed t h a t  s u r f a c e  r e c e s s i o n  r e s u l t s  from heterogeneous 
r e a c t i o n  between the  boundary l a y e r  s p e c i e s  and t h e  c h a r  and sub- 
l ima t ion  of t h e  c h a r .  However, t h e  cha r  formed by t h e  degrada t ion  
of a composite a b l a t o r ,  such as those  cons idered  i n  t h i s  s tudy ,  i s  
a t  b e s t  a porous form of g r a p h i t e  and, as such, cannot be expected 
t o  possess  s t r e n g t h  c h a r a c t e r i s t i c s  exceeding those  of a good grade  
of g r a p h i t e .  The v a r i a t i o n  of u l t i m a t e  t e n s i l e  s t r e n g t h  wi th  t e m -  
p e r a t u r e  of POCO AXF-5Q g r a p h i t e  ( f i g .  B6 from r e f .  B3) shows a 
sha rp  decrease  i n  t h e  temperature  range from 5000 t o  6500°F. The 
comparison between t e n s i l e  p r o p e r t i e s  of lamina tes  of CCA-1 carbon 
and G-1550 g r a p h i t e  f a b r i c  impregnated w i t h  EC-201 phenol ic  r e s i n  
and A T J  g r a p h i t e  i n  d a t a  presented  i n  r e fe rence  B 1  a t  temperatures  
up t o  5000°F i n d i c a t e s  a s i m i l a r i t y  i n  mechanical p r o p e r t i e s .  Thus, 
it would no t  be s u r p r i s i n g  i f  6000°F rep resen ted  a maximum tempera- 
t u r e  f o r  carbonaceous composite a b l a t o r s ,  beyond which t h e i r  capa- 
b i l i t y  t o  resist aerodynamic f o r c e s  was n e g l i g i b l e .  

Proceeding on t h e  premise t h a t  6000'F r e p r e s e n t s  an upper l i m i t  
s u r f a c e  temperature ,  ana lyses  were conducted f o r  carbon phenol ic  
and ESA-5500(M), i n  which t h e  s u r f a c e  temperature  w a s  not  a l lowed 
t o  exceed t h i s  va lue  and t h e  maximum cha r  th i ckness  w a s  l i m i t e d  t o  
0 .01  i n .  dur ing  t h e  per iod  when t h e  t e m p e r a t u r e  i s  S O  l i m i t e d .  
This  a l lowable  c h a r  t h i ckness  i s  based on t h e  r e s u l t s  of t es t s  
conducted i n  t h e  h igh  s h e a r  environment of t h e  CAL wave super -  
h e a t e r .  Thus, i t  is  assumed t h a t  f o r  tempera tures  g r e a t e r  t han  
6000"F, t h e  char  s t r e n g t h  i s  e s s e n t i a l l y  zero ,  and even small  shear -  
ing  f o r c e s  r e s u l t  i n  mechanical e r o s i o n  of t h e  s u r f a c e .  
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Temperature, O F  
I_ 

- - 
Figure B6.- Ultimate Tensile Strength of AXF-SQ POCO Graphite (ref. B3) 
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The nominal a b l a t i o n  of carbon phenol ic  compared t o  t h e  above 
s h e a r  model i s  shown i n  f i g u r e  B 7  f o r  t h e  V I M  f l y b y  des ign  trajec- 
t o r y .  The s u r f a c e  temperature  reaches 6000°F a t  approximately 9 
s e c ,  A t  t h i s  t ime, t h e  cha r  t h a t  has been b u i l t  up  i s  assumed t o  
s p a l l .  The s u r f a c e  e r o s i o n  r a t e  subsequent t o  t h i s  t ime i s  con- 
t r o l l e d  by t h e  r a t e  a t  which h e a t  can be absorbed by t h e  material 
and r a p i d  r e c e s s i o n  t akes  p l ace .  A t  1 2  sec, t h e  s u r f a c e  t empera -  
t u r e  drops below 6000°F because t h e  surface hea t  f l u x  i s  dec reas ing  
and normal cha r  growth once aga in  t akes  p l a c e .  For t h i s  ca se ,  t h e  
mechanical e r o s i o n  r e s u l t s  i n  a backface temperature  i n c r e a s e  90"R 
above t h e  des ign  va lue  i n  s p i t e  of t h e  f a c t  t h a t  t h e  s u r f a c e  reces- 
s i o n  i s  inc reased  from 0.085 t o  0 . 3 4  i n .  This r e s u l t  i s  due t o  t h e  
f a c t  t h a t  t h e  h e a t  t h a t  i s  s t o r e d  i n  t h e  carbon phenol ic  i s  reduced 
by mechanical e r o s i o n .  

The a b l a t i o n  r e s u l t i n g  from the  l o s s  of cha r  s t r e n g t h  on ESA- 
5500(M) material  i s  compared t o  t h e  thermomechanical a b l a t i o n  and 
t h e  a b l a t i o n  of ESA-5500 i n  f i g u r e  B 8  t h e  d i r e c t  e n t r y  miss ion .  
For  t h e  ESA-5500(M) m a t e r i a l ,  t h e  l o s s  of cha r  s t r e n g t h  a t  6000"R 
w i l l  r e s u l t  i n  an i n c r e a s e  i n  s u r f a c e  r eces s ion  from 0.058 i n . ,  
r e s u l t i n g  from chemical e r o s i o n  t o  0.187 i n .  The s t r u c t u r e  tem- 
p e r a t u r e  r i s e  i s  140'R g r e a t e r  when mechanical e r o s i o n  i s  cons id-  
e r e d .  This  i n  i t s e l f  i s  not  c a t a s t r o p h i c ;  however, t h e  f a c t  t h a t  
t h e  remaining th i ckness  i s  only  0.063 i n .  and t h e  r a p i d  s t r u c t u r e  
tempera ture  r i s e  i n d i c a t e s  t h a t  a d d i t i o n a l  t h i ckness  w i l l  be re- 
qu i r ed  t o  provide  a r e l i a b l e  des ign .  Even wi th  t h e  a d d i t i o n a l  
t h i c k n e s s  requirement ,  however, t h e  lower d e n s i t y  ESA-5500 mate- 
r i a l  w i l l  s t i l l  r e t a i n  a d e f i n i t e  weight  advantage over  t h e  carbon 
phenol ic  f o r  t h e  d i r e c t  and o r b i t a l  e n t r i e s .  

Carbon vapor  p rope r ty  s e n s i t i v i t y . -  The thermodynamic pe r fo rn -  
ance of g r a p h i t i c  materials has  been t h e  s u b j e c t  of cons ide rab le  
cont roversy  f o r  sometime. Various e s t i m a t e s  of t h e  h e a t s  of fonna- 
t i o n  of t h e  carbon vapor s p e c i e s  evolved a t  high tempera tures  have 
been put  forward.  An e x c e l l e n t  summary of t h e s e  i s  presented  i n  
r e fe rence  B4. To e v a l u a t e  t h e  e f f e c t  of t h i s  u n c e r t a i n t y ,  ana lyses  
were conducted us ing  t h e  two d i f f e r e n t  carbon-vapor p re s su re  curves  
( f i g .  B9) t h a t  r e p r e s e n t  t h e  two extremes presented  i n  r e fe rence  B4. 
The JANAF d a t a  have been used i n  t h e  des ign  a n a l y s i s  f o r  t h i s  s tudy .  

The r e s u l t s  of a n a l y s i s  conducted f o r  t h e  d i r e c t  BVS miss ion  a r e  
shown i n  f i g u r e  B10 ( r e f s .  B5 and B 6 ) .  These d a t a  show t h a t  a l though 
r e l a t i v e l y  l a r g e  d i f f e r e n c e s  i n  s u r f a c e  tempera ture  and s u r f a c e  r eces -  
s i o n  r e s u l t  from us ing  t h e  d i f f e r e n t  carbon-vapor p r o p e r t i e s ,  t h e  
s t r u c t u r e  temperature i s  only  s l i g h t l y  a f f e c t e d .  The p r o p e r t i e s  used 
i n  t h e  des ign  ana lyses  (JANAF) are conse rva t ive .  
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€?BAT SHIELD DEVELOPMENT REQUIREMENTS 

E n t r y  S imula t ion  T e s t i n g  

Regardless  of t h e  material used f o r  t h e  h e a t  s h i e l d ,  even 
though i t  i s  one w i t h  e x t e n s i v e  f l i g h t  and ground t e s t  exper ience ,  
a s u b s t a n t i a l  number of development tes ts  w i l l  have t o  be  con- 
ducted because: 

The formula t ion  and f a b r i c a t i o n  processes  w i l l  be d i f -  
f e r e n t  f o r  t h i s  a p p l i c a t i o n  because of t h e  l a r g e  diam- 
e t e r  shal low cone c o n f i g u r a t i o n  and t h e  requirements  
f o r  s t e r i l i z a t i o n  a t  h igh  temperatures  ( t h e  l a t te r  
a f f e c t s  cure  c y c l e s  and f a b r i c a t i o n  sequence of e v e n t s ) .  
Consequently e x i s t i n g  performance d a t a  may n o t  be v a l i d ;  

The Venus e n t r y  environment f e a t u r e s  s e v e r a l  unique 
c h a r a c t e r i s t i c s  as d iscussed  previous ly ,  i . e . ,  

a) Very high l e v e l s  of r a d i a t i o n  h e a t i n g  i n  a d d i t i o n  

b) H i g h - i n t e n s i t y  u l t r a v i o l e t  r a d i a t i o n ,  

c) A high percentage of C 0 2  i n  t h e  atmosphere, 

d) High s u r f a c e  s h e a r  f o r c e s  i n  conjunct ion  w i t h  v e r y  

t o  convec t ive  h e a t i n g ,  

h igh  s u r f a c e  temperatures  occur  over  l a r g e  areas 
of  t h e  s u r f a c e .  

Also,  i n  t h e  case of r i g i d  materials such as carbon phenol ic ,  a 
p o t e n t i a l  problem e x i s t s  r e l a t i v e  t o  thermal and load  induced 
stresses because of t h e  l a r g e  diameter  r e l a t i v e l y  t h i n  s h e l l  con- 
f i g u r a t i o n  of t h e  h e a t  s h i e l d .  

R e l a t i v e  t o  t h e  degree of s i m u l a t i o n  r e q u i r e d  i n  ground tes t s ,  
i t  should be poin ted  o u t  t h a t  i n  no major h e a t  s h i e l d  des ign  has 
a complete s i m u l a t i o n  of t h e  f l i g h t  environment been p o s s i b l e .  I n  
f a c t ,  seldom has i t  been p o s s i b l e  t o  produce t h e  combination of 
peak l e v e l s  s imul taneous ly  on .even a s m a l l  s a m p l e  of t h e  material ,  
a l though t h i s  i s  always t h e  g o a l .  Consequently,  t h e  major ob jec-  
t i v e  of e n t r y  s i m u l a t i o n  t e s t  i s  t o  confirm o r  t o  e s t a b l i s h  a n  
a n a l y t i c a l  model t h a t  i s  then  used i n  d e s i g n .  I f  t h e  model i s  
h e a v i l y  dependent on empir ica l  c o r r e l a t i o n s ,  i t  i s  necessary  t o  
c o n s t r a i n  t h e  d e s i g n  t o  t h e  range of t e s t  c o n d i t i o n s ,  o r  t o  use 
l a r g e  margins .  I f  t h e  a n a l y t i c a l  model i s  a f a i r l y  fundamental 
express ion ,  des igns  beyond t h e  range of t h e  t es t  d a t a  are prac-  
t i c a l ,  b u t  more e x t e n s i v e  t e s t i n g  i s  r e q u i r e d  and des ign  c o n f i -  
dence i s  n e c e s s a r i l y  l e s s e n e d .  
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S imula t ion  Requirements f o r  Venus Ent ry  

Surface  s h e a r  f o r c e s  should be s imula ted  through t h e  f u l l  range 
of v a l u e s  a n t i c i p a t e d  i n  f l i g h t ,  which means c o l d  w a l l  v a l u e s  of 
30, 70, and 120 psf f o r  t h e  32 000, 38 000, and 44 000 f p s  e n t r y  
v e l o c i t i e s ,  r e s p e c t i v e l y .  These s h e a r  f o r c e s  must be  induced i n  
conjunct ion  w i t h  a h e a t  f l u x  capable  of producing t h e  peak e n t r y  
s u r f a c e  temperatures  c a l c u l a t e d  i n  t h e  absence of mass loss  by 
e r o s i o n ,  6000, 7000, and 8000"R, r e s p e c t i v e l y .  P r e s s u r e  l e v e l s  
should approach 1 a t m  o r  g r e a t e r .  These c o n d i t i o n s  can be achieved 
i n  e x i s t i n g  p la sma  a r c  and l a s e r - p l u s - c o l d  flow f a c i l i t i e s  u s i n g  
p ipe  flow and/or  s h e a r  wedge models. Shears  should a l s o  be i m -  
posed on models a t  i n t e r m e d i a t e  s u r f a c e  temperatures  and, i n  t h e s e ,  
i t  w i l l  be important  t o  employ C 0 2 / N 2  as t h e  t e s t  f l u i d  because 
o x i d a t i o n  and o t h e r  chemical processes  w i l l  be t h e  predominant con- 
t e n d e r s  w i t h  t h e  s h e a r  f o r c e s  f o r  t h e  s u r f a c e  carbon i n s t e a d  of t h e  
subl imat ion  p r o c e s s .  This  t y p e  of  test  can a l s o  be performed i n  
e x i s t i n g  p la sma  a rc  f a c i l i t i e s .  

Another c r i t i c a l  parameter i s  combined r a d i a n t  and convec t ive  
h e a t i n g .  Here, however, i t  i s  be l ieved  t h a t  achievement of peak 
combined f l u x  v a l u e s ,  though h i g h l y  d e s i r a b l e ,  i s  n o t  mandatory. 
T e s t  p o i n t s  should achieve  a t  least  two th ings :  (1) r a d i a n t  l e v e l s  
s u f f i c i e n t  t o  g e n e r a t e  a b l a t i v e  gas  mass i n j e c t i o n  rates t h a t  reach  
o r  approach t h e  c u t o f f  p o i n t  i n  t h e  mass i n j e c t i o n  v s  convec t ive  
h e a t  blocked r e l a t i o n ,  and (2) they  should  produce s u r f a c e  t e m p e r a -  
t u r e s  up through t h e  chemical r e a c t i o n  and w e l l  i n t o  t h e  sublima- 
t i o n  regime w i t h  a p p r o p r i a t e  pressure  l e v e l s .  Assigning s p e c i f i c  

and 4, t o  achieve  t h e s e  c r i t e r i a  i s  d i f f i c u l t  be- v a l u e s  of 

cause  they  w i l l  va ry  w i t h  t h e  material  be ing  t e s t e d .  However, t h e  
of 1750 B t u / f t 2 s e c  planned f o r  t h e  

A m e s  advanced f a c i l i t y  should s a t i s f y  t h e  minimum c r i t e r i a  s t a t e d  
above even f o r  t h e  44 000-fps e n t r y  w i t h  t h e  materials of i n t e r e s t .  
The peak c o n d i t i o n s  f o r  t h e  38 000-fps e n t r y  (4 
and 4 = 1700 Btu / f t2sec)  are  seen  t o  f a l l  w i t h i n  t h e  ranges of t h e  

A m e s  f a c i l i t y .  

4, 

of 4000 B t u / f t 2 s e c  and 4, GC 

= 1600 B t u / f t 2 s e c  
C 

R 

A t h i r d  aspect of  t h e  e n t r y  environment, t h e  c o n c e n t r a t i o n  of 
more than  one-half  t h e  shock l a y e r  r a d i a n t  energy i n  t h e  u l t r a -  
v i o l e t  wavelength reg ion ,  i s  a l s o  of concern .  Because t h e  high 
energy photons of t h e  vacuum u l t r a v i o l e t  reg ion  have a n  undes i r -  
a b l e  e f f e c t  on p l a s t i c  materials even a t  moderate f l u x  l e v e l s ,  t h e  
q u e s t i o n  of whether a very  h i g h  f l u x  l e v e l  w i l l  produce a n  unusual 
response i n  t h e  carbonaceous c h a r s  of t h e  a b l a t i v e  h e a t  s h i e l d  m a -  
t e r i a l s  should  be g iven  some a t t e n t i o n .  No f a c i l i t i e s  e x i s t  o r  are 
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planned t h a t  produce h igh  u l t r a v i o l e t  f l u x  l e v e l s ;  hence,  it a p -  
pears t h a t  an  a t t e m p t  should be made t o  e v a l u a t e  t h i s  phenomenon 
on a l a b o r a t o r y  scale and then  dec ide  whether a materials t e s t  
f a c i l i t y  i s  r equ i r ed ,  o r  whether ,  i n  f a c t ,  t he  energy can be 
t r e a t e d  as be ing  absorbed a t  t h e  s u r f a c e  and converted t o  h e a t  
as i s  p r e s e n t l y  assumed. The f i n a l  a s p e c t  of ground t e s t  s i m u -  
l a t i o n  is t h a t  of l a r g e - s c a l e  v e r i f i c a t i o n  t e s t s .  The case  of 
a 3 /4 - in .  t h i c k ,  8 . 5 - f t  diameter  s h e l l  cons t ruc t ed  of a dense,  
high-modulus h e a t  s h i e l d  material bonded and/or  mechanical ly  a t -  
tached  t o  a t h i n ,  shallow-cone metal s t r u c t u r e  p re sen t s  an  e n t i r e l y  
d i f f e r e n t  s i t u a t i o n  r e l a t i v e  t o  t h e r m a l / s t r u c t u r a l  i n t e r a c t i o n  than  
any h e a t  s h i e l d  des ign  concept  p rev ious ly  cons idered .  With t h i s  
arrangement,  which is  t h e  most l i k e l y  f o r  a 44 000-fps e n t r y ,  t h e  
conduct ion of a l a r g e - s c a l e  o v e r a l l  t h e r m a l / s t r u c t u r a l  i n t e g r i t y  
t e s t  becomes almost  a n e c e s s i t y .  Even wi th  less dense and less 
r i g i d  m a t e r i a l s ,  a demonstrat ion of t h e  absence of warping o r  
bond f a i l u r e  should be cons idered .  

The ques t ion  i s ,  "To what percentage of peak f l i g h t  tempera- 
t u r e s  ,should such a t e s t  be conducted t o  p rope r ly  r e p r e s e n t  a v e r i -  
f i c a t i o n  t e s t ? "  The answer l i e s  wi th  t h e  e v a l u a t i o n  of thermal 
g r a d i e n t s  o r  temperature  d i s t r i b u t i o n s ,  p r i m a r i l y  those  through 
t h e  th i ckness  bu t  a l s o  those  a long  t h e  cone ' s  l eng th .  
t h a t  e x i s t i n g  q u a r t z  l a m p  f a c i l i t i e s  can be used f o r  t h e  t e s t  even 
though temperature  peaks of on ly  t h e  o rde r  of 4000'R could be a t -  
t a i n e d ,  compared wi th  8000'R p r e d i c t e d  f o r  f l i g h t .  Other  poss i -  
b i l i t i e s  would be t h e  development of a higher-surface-temperature- 
producing f a c i l i t y  involv ing  r e s i s t a n c e  hea ted  g r a p h i t e  rods o r  a 
g r a p h i t e  s h e l l ,  t h e  u s e  of la rge-d iameter  nozz le  p l a sma  a r c  f a c i l -  
i t i e s  and, l e s s  l i k e l y ,  t h e  u s e  of r o c k e t  engine  exhaus t  f a c i l i t i e s .  
Another p o s s i b i l i t y ,  no t  y e t  adequate ly  eva lua ted ,  i s  t h a t  of con- 
duc t ing  e a r t h  e n t r y  f l i g h t  t e s t s .  

It may be 

Conclusions 

Heat s h i e l d  des ign  ana lyses  have been conducted t o  determine 
t h e  amount of a b l a t i v e  m a t e r i a l  r equ i r ed  t o  p r o t e c t  t h e  BVS/entry 
v e h i c l e  s t r u c t u r e ,  equipment, and s c i e n t i f i c  payload from t h e  
e n t r y  thermal  environment.  The r e s u l t s  of t h i s  s tudy  have shown 
t h a t  i t  i s  f e a s i b l e  t o  provide such p r o t e c t i o n  wi th  a b l a t i v e  m a t e -  
r i a l s  t h a t  a r e  now cons idered  o p e r a t i o n a l .  S ince  t h e  Venus e n t r y  
thermal environment and t h e  p r e d i c t e d  response of a b l a t i v e  mate- 
r ia ls  exceeds i n  s e v e r i t y  t h e  range of exper ience  gained i n  Ea r th  
r e e n t r y  f l i g h t  and ground tes ts ,  i t  has been necessary  t o  e x t r a -  
p o l a t e  beyond e x i s t i n g  d a t a .  Examination of s e n s i t i v i t y  t o  unknown 
f a c t o r s ,  i n d i c a t e s ,  however, t h a t  t h e  r e s u l t i n g  des igns  are con- 
s e r v a t i v e .  
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Another conclus ion ,  r e l a t i v e  t o  t h e  i n f l u e n c e  of t es t  f a c i l i t y  
l i m i t a t i o n s  on miss ion  s e l e c t i o n ,  i s  t h a t  a t  t h i s  s t a g e  none of t h e  
miss ions  s t u d i e s  should be r u l e d  ou t  f o r  reasons  of less t h a n  t o t a l  
s i m u l a t i o n  c a p a b i l i t y  a l though a n  awareness of t h e  i n c r e a s e d  de- 
velopment c o s t s  and t h e  somewhat g r e a t e r  d e s i g n  r i s k  of t h e  h i g h  
v e l o c i t y  e n t r i e s  (44 000 f p s )  should be accounted f o r  i n  miss ion  
t r a d e  s t u d i e s ,  
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LUNAR ORBITER 

The modified Lunar O r b i t e r  a s  define1 i n  NASA CR-6630 , Study 
of  A p p l i c a b i l i t y  of  Lunar O r b i t e r  Subsystems t o  P l a n e t a r y  O r b i t e r s ,  
was s p e c i f i e d  a s  t h e  s p a c e c r a f t  f o r  t h e  o r b i t a l  miss ion .  (The 
r e p o r t  d e s c r i b e s  mod i f i ca t ions  o f  t h e  Lunar O r b i t e r  f o r  t h e  Mars 
and Venus miss ions . )  Both v e r s i o n s  inc lude  - -  i n  a d d i t i o n  t o  t h e  
b a s i c  s p a c e c r a f t  -- an e n t r y  probe system of 115 l b .  

No major problems o f  c o m p a t i b i l i t y  between t h e  Lunar O r b i t e r  
and t h e  BVS have been i d e n t i f i e d .  However, t h e  assessment was 
performed on ly  t o  t h e  d e t a i l  t h a t  could be supported by t h e  r e f -  
erenced r e p o r t  and should be cons idered  as a gene ra l  survey only.  

Of g r e a t e s t  concern was t h e  weight t h a t  must be put  i n t o  o r b i t ,  
c o n s i s t i n g  of  bo th  t h e  s p a c e c r a f t  and t h e  capsu le  system. T h i s  
r e s u l t e d  i n  a h igh ly  e c c e n t r i c  o r b i t  ( E  = 0.8) f o r  t h e  miss ion .  
No a t tempt  was made t o  a s s e s s  t h e  reasonableness  o f  t h e  Boeing 
weights ;  however, i t  should be noted t h a t  a s t a t e d  g u i d e l i n e  of  
t h e i r  o r b i t e r  s tudy  was t o  use e x i s t i n g  proven systems,  and no 
emphasis was placed on reducing  weight .  

The r equ i r ed  mod i f i ca t ions  t o  t h e  Lunar O r b i t e r  a r e  summarized 
i n  t a b l e  C 1 .  

F igu re  C 1  shows t h e  o r b i t e r  s p a c e c r a f t  w i th  t h e  BVS capsu le  
a t t a c h e d .  The major mod i f i ca t ions  i n d i c a t e d  a r e  t h e  l a r g e r  o r b i t  
i n s e r t i o n  propuls ion  module, a scan p l a t fo rm and r e l a y  antenna.  
I n  a d d i t i o n ,  t h e  s o l a r  pane ls  a r e  shown extended t o  prevent  shad- 
i n g  by t h e  8.5 f t  e n t r y  v e h i c l e .  

The b a s e l i n e  o r b i t e r  weights  a s  s p e c i f i e d  i n  NASA CR-66302 a r e  
r e s t a t e d  i n  t a b l e  C2.  The t o t a l  o r b i t i n g  weight  of  t h i s  t a b l e  (925 
l b )  i s  reduced by 149 l b  ( v e l o c i t y  c o n t r o l )  and 115 l b  (probe) 
t o  a r r i v e  a t  a va lue  of  661 l b  "usefu l  weight i n  o r b i t "  f o r  t h i s  
miss ion .  

F u r t h e r  mod i f i ca t ions  r equ i r ed  f o r  c o m p a t i b i l i t y  w i t h  t h e  BVS 
mission a r e  summarized i n  t a b l e  C3. The incrementa l  weight change 
i d e n t i f i e d  was considered t o  be small  enough t o  be neglec ted  wi th-  
i n  t h e  scope o f  t h i s  investigation. On t h i s  b a s i s ,  t h e  a l l  up 
weight  (weight on launch  veh ic l e )  becomes: 

BVS /EV s y s  t e m  1126 l b  
Spacec ra f t  661 
Spacec ra f t  p ropuls ion  system (burnout)  298 
Midcourse and o r b i t  i n s e r t i o n  p r o p e l l a n t  1339 

174 

A l l  up weight 3498 l b  
Spacec ra f t - to -boos te r  adap te r  - 
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TABLE C1.- SPACECRAFT MODIFICATIONS 

M o d i f i c a t i o n  

S t r u c t u r a l  m o d i f i c a t i o n  t o  
suppor t  c a p s u l e  

Modify S/C a t t i t u d e  con- 
t r o l  system 

Add s e p a r a t i o n  system f o r  
c a p s u l e  

M o d i f i c a t i o n  of  SIC t h e r -  
mal c o n t r o l  

M o d i f i c a t i o n  of s o l a r  pan- 
e l s  

M o d i f i c a t i o n  o f  power sys-  
t em 

Add r e c e i v e r  

Add command t r a n s m i t t e r  

Add command tone genera toi 

Add r f  m u l t i p l e x e r  

Add r e l a y  antenna 

Add new propuls ion  module 

Add scan  p l a t f o r m  

Add sequencer  d i s c r e t e s  

I 

Purpose 

Co provide  s t r e n g t h  t o  
;upport  c a p s u l e  

! lane tary  v e h i c l e  s t a -  
s i l i z a t i o n  d u r i n g  c r u i s e  
snd o r b i t  and o r i g i n a -  
t i o n  f o r  c a p s u l e  sepa-  
r a t i o n  

Co s e p a r a t e  c a p s u l e  

Control  o f  S/C tempera- 
t u r e  

Provide view o f  sun 

Provide power t o  c a p s u l e  
and added SIC systems 

Receive BVS/entry v e h i -  
c l e  t e l e m e t r y  d a t a  

B i t  by b i t  synchroniza-  
t i o n  o f  BVS d a t a  s t ream 
b e f o r e  e n t r y  i n t o  t a p e  
memory 

To t r a n s m i t  commands t o  
t h e  BVS 

To key t h e  command t r a n s  
m i t t e r  

Provide  common connec- 
t i o n  t o  t h e  an tenna  f o r  
t h e  two r e c e i v e r s  

Provide  s t o r a g e  f o r  BVS/ 
EV d a t a  

Provide  TM l i n k  f o r  BVS/ 
EV 

To e f f e c t i v e l y  e l i m i n a t e  
g r a v i t a t i o n a l  l o s s e s  dur  
i n g  o r b i t  i n s e r t i o n  burn 
(T/W > 0.2) 

Provide  p l a n e t  coverage 
f o r  S/C s c i e n c e  

Provide  s i g n a l s  f o r  BVS/ 
EV p r e s e p a r a t i o n  and s e p  
a r a t i o n  

J u s  t i  f i c a  t i o n  

i d d i t i o n a l  mass due t o  
:apsule  

Cncrease o f  mass t o  be 
j t a b i l i z e d / o r i e n t e d  

Several  d i s c r e t e s  r e -  
l u i r e d  t o  power up and 
s e p a r a t e  c a p s u l e  

Presence o f  c a p s u l e  w i l l  
modify h e a t  ba lance  

Presence o f  c a p s u l e  w i l l  
shade p r e s e n t  pane ls  

See c a p s u l e  power re- 
quirement  and o t h e r  SIC 
m o d i f i c a t i o n s  

O r b i t e r  must provide  r e -  
l a y  l i n k  t o  E a r t h  

See communications s e c -  
t i o n  above 

S e v e r a l  commands a r e  re- 
qui red  t o  perform t h e  
BVS miss ion  

Allows commands t o  be 
genera ted  

To a l l o w  f o r  s i n g l e  an- 
tenna 

Approximately one m i l l i o n  
b i t s  o f  d a t a  must be s t o r e  
d u r i n g  e n t r y  and deploy-  
ment o f  BVS 

Relay l i n k  i s  r e q u i r e d  

I n s e r t i o n  o f  t o t a l  p lane-  
t a r y  v e h i c l e  i n t o  o r b i t  
does n o t  a l low f o r  o r b i t  
i n s e r t i o n  l o s s e s  us ing  
T i t a n  I I I C  b o o s t e r  
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TABLE c2  .- SUMMARY WEIGHT  STATEMENT^ 

Science payload 

Science 

Probe ( f i x e d  p l u s  separa ted  weight) 

Subsystems 

Power 

Telecommunications 

Programer CC&S 

A t t i t u d e  c o n t r o l  

V e l o c i t y  c o n t r o l  ( inc luded  N2 gas  and 
f u e l  reserves) 

S t r u c t u r e s  and mechanisms 

Assembly and i n t e g r a t i o n  

T o t a l  ( u s e f u l )  o r b i t i n g  weight 

Propuls ion  and gas  

A t t i t u d e  c o n t r o l  gas  

Fuel  

Oxid izer  

T o t a l  s p a c e c r a f t  weight 

Weight, l b  

Venus O r b i t e r  

109 .o 

b115 .O 

138 .O 

72 .O 

32 .O 

62 .O 

b149 .O 

15 .O 

377 .o 

603 .O 

304 .O 

1 7 Q  .O 

78 .O 

925 .O 

995 .o 

1920 .O 

Taken from Boeing Report  NASA CR-66302, p p .  4-248, Table  4 . 6 . 7 . 7 .  

D e l e t e d  f o r  BVS s t u d y .  

a 
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TABLE C3.- SPACECRAFT MODIFICATIONS AFFECTING WEIGHT 

Weight increment ,  l b  

Could n o t  be es t imated  

I t e m  

S t r u c t u r e  

Telecommunications 

Receiver  

B i t  synchronizer  

Command t r a nsmi t t er 

Command tone  gene ra to r  

RF mu1 t i p l e x e r  

Tape r eco rde r  

Relay antenna 

Power 

Assembly and i n t e g r a t i o n  

Cabling 

Sc ience  

Net weight change 

With t h i s  payload on a T i t a n  I I I C ,  which has  a t o t a l  c a p a b i l i t y  
o f  3850 l b  f o r  t h i s  mission,  t h e  margin i s  352 l b .  

+3 .o 

+1 .o 

+4 .O 

+2 .o 

+ .6  

+12 .o 

Replaces  Boeing added antenna 

Minor cab l ing  a d d i t i o n  not  es t i -  
mated; s u f f i c i e n t  power a v a i l a b l e  

Could not  be es t imated  

-11 .o 
+12 

The o r b i t - i n s e r t i o n  maneuver i s  a c r i t i c a l  f a c t o r ,  e s p e c i a l l y  
f o r  t h e  mode of  ca r ry ing  t h e  t o t a l  p l a n e t a r y  v e h i c l e  i n t o  o r b i t .  
Using a 100 l b f  t h r u s t  engine ,  a s  proposed by Boeing ( t h r u s t /  

i n i t i a l  weight = 0 . 0 3 ) ,  t h e  g r a v i t a t i o n a l  l o s s e s  amount t o  26%, 
approximately 333 l b  of  p r o p e l l a n t .  

To reduce t h e  g r a v i t a t i o n a l  l o s s e s  t o  a n e g l i g i b l e  amount t h e  
propuls ion  module has  been r ev i sed  t o  i n c o r p o r a t e  t h e  Apollo sub- 
s c a l e  engine w i t h  a t h r u s t  l e v e l  of  2200 l b .  Assuming no l o s s e s ,  
t h e  curve of f i g u r e  C2 i n d i c a t e s  t h e  o r b i t  e c c e n t r i c i t y  t h a t  can 
be  achieved a s  a f u n c t i o n  o f  BVS/entry v e h i c l e  system weight .  
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Figure  C2.- Performance C a p a c i l i t y ,  Capsule System Weight i n  O r b i t  
vs O r b i t  E c c e n t r i c i t y  

59 



APPENDIX C 

System Compa t ib i l i t y  

Telecommunications .- The major telecommunications suppor t  func- 
t i o n s  t h a t  t h e  s p a c e c r a f t  must provide  f o r  t h e  subsonic  probe and 
BVS a r e  shown i n  t a b l e  C 4 .  

Figure  C3, reproduced from t h e  r e fe renced  Boeing r e p o r t ,  shows 
t h e  b a s e l i n e  Lunar O r b i t e r  telecommunications systems. (The S- 
band l i n k  t o  E a r t h  appears  t o  provide  t h e  needed b i t  r a t e s . )  The 
lower p o r t i o n  of  t h i s  diagram shows a probe an tenna ,  probe re- 
c e i v e r ,  and t a p e  r eco rde r  a s  w e l l  a s  TV and o t h e r  s c i e n c e  ( a l l  o f  
which was c l a s s i f i e d  a s  s c i e n c e  i n  t h a t  r e p o r t ) .  F igu re  C 4  i s  an 
expansion of  t h e  s c i e n c e  equipment b lock  of  t h e  Boeing diagram 
(lower p o r t i o n  o f  f i g .  C3) t o  which a d d i t i o n a l  equipment r equ i r ed  
t o  suppor t  a subsonic  probe and a BVS has been added. The ba lance  
o f  t h e  s c i e n c e  b lock  (TV, e t c . )  i s  shown unchanged. 

Add i t iona l  equipment r equ i r ed  inc ludes  a medium-gain an tenna ,  
a n  r f  m u l t i p l e x e r ,  a b i t  synchron ize r ,  a BVS d a t a  r e c e i v e r ,  a com- 
mand t r a n s m i t t e r ,  command tone  g e n e r a t o r ,  and a second t a p e  re- 
c o r d e r .  (It i s  assumed t h a t  c h a r a c t e r i s t i c s  of t h e  probe r e c e i v e r  
and antenna shown i n  t h e  Boeing b lock  diagram -- a l though not  
s p e c i f i e d  - -  a r e  such t h a t  t hey  would be equ iva len t  i n  c o s t  t o  a 
vhf superheterodyne FSK r e c e i v e r  and vhf antenna meeting t h e  re- 
quirements f o r  t h i s  mission.)  

The equipment r equ i r ed  t o  r e c e i v e  BVS and subsonic  probe da ta  
i s  b r i e f l y  descr ibed  below. 

Receiver:  A 390-MHz FSK r e c e i v e r  ( i d e n t i c a l  t o  t h e  BVS com- 
mand r e c e i v e r  except  f o r  c r y s t a l  frequency) i s  r equ i r ed  t o  r e c e i v e  
BVS t e l eme t ry  d a t a .  A 400-MHz r e c e i v e r  f o r  subsonic  probe d a t a  
i s  assumed a s  e x i s t i n g  equipment. 

B i t  synchronizer :  An a d d i t i o n a l  b i t  synchronizer  i s  r equ i r ed  
t o  perform b i t - b y - b i t  synchron iza t ion  of  t h e  BVS d a t a  s t ream be- 
f o r e  e n t r y  of  d a t a  i n t o  t a p e  memory. It  i s  assumed t h a t  a b i t  
synchronizer  f o r  t h e  subsonic  probe d a t a  i s  e x i s t i n g  equipment i n  
t h e  s p a c e c r a f t .  

Command t r a n s m i t t e r :  The command t r a n s m i t t e r  i s  a s o l i d - s t a t e  
u n i t  t o  be frequency s h i f t  keyed by command tones  from t h e  command 
tone  g e n e r a t o r ,  Keying r a t e s  between 500 and 2000 Hz a r e  assumed. 

Command tone  gene ra to r :  A command tone  g e n e r a t o r  i s  r equ i r ed  
t o  key t h e  command t r a n s m i t t e r  us ing  a t h r e e - t o n e  sequence f o r  
each  of  s i x  commands. An a l e r t  t one  and t h r e e  command tone  f r e -  
quencies  a r e  r e q u i r e d .  The tone  sequence and command sequences 
a r e  c o n t r o l l e d  by t h e  s p a c e c r a f t  programer and sequencer i n  %e- 
sponse t o  E a r t h - t o - s p a c e c r a f t  commands t h a t  a r e  s t o r e d  i n  t h e  
s p a c e c r a f t .  
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TABLE C 4  .- BVS AND SUBSONIC PROBE FUNCTIONS TO BE SUPPORTED BY ORBITER SPACECRAFT 

1 
Support functions 

Capsule s t a t u s  monitor 
functions (presepara tion) 

Receive en t ry  vehic le  data  
including subsonic probe 
and BVS deploy data follow 
ing separat ion from aero- 
s h e l l  

Receive BVS data  during 
o r b i t a l  operat ions 

Beacon and command s igna ls  
t o  control  transmissions 
from BVS 

Stor ing and retransmission 
of data  received from sub- 
sonic probe and BVS 

Programing of spacecraf t  
power and data  t r a n s f e r  t o  
accomplish the  funct ions 
shown above 

I 

Requirements 

Control capsule aeroshel l  multi- 
plexer and receive hardl ine telem- 
e t r y  data  during c ru ise  mode 

Receive telemetry data  over BVS t o  
S I C  l i n k  during separat ion of cap- 
su le  from S / C  and during AV burn 

Receive telemetry data  from BVS to 
S I C  l i n k  during capsule entry t o  
BVS separat ion from aeroshel l  

Receive telemetry simultaneously 
from BVS and from subsonic probe 
a f t e r  separat ion of these from 
aeroshel l  

Pelemetry l i n k  modulation and b i t  
r a t e  t o  be 240 bps FSK both l i n k s  

Receive telemetry data  from BVS 
once per o r b i t  

Provide margin f o r  a maximum range 
of 18 000 km 

BVS transmit ter  i s  frequency s h i f t  
keyed a t  240 bps r a t e  

Provide a beacon s ignal  t o  a l e r t  
BVS t o  begin transmission when S I C  
comes within range of BVS 

Provide tone command modulation to  
command operat ing mode of BVS 

Provide range of  a t  l e a s t  18 000 km 
for  command l i n k  

Pransmi t  c a r r i e r  unmodulated ( a f t e r  
commands a r e  sent)  t o  provide s i g -  
nal for  doppler measurement by BVS 

Provide capaci ty  f o r  6 d i s c r e t e  
command s 

Store command sequence i n  S I C ;  se- 
quence t o  be received from Earth 
s t a t  ion 

Provide s torage f o r  1 mil l ion b i t s  
BVS data  and 500 000 b i t s  subsonic 
probe data  to  be received simul- 
taneously 

Once per o r b i t  provide s torage f o r  
150 000 b i t s  of data  received from 
the  BVS during a period of approxi- 
mately 10 minutes 

Pransmit data  t o  Earth a t  l e a s t  
once per o r b i t  

Phe turning on and o f f  of power t o  
receivers ,  recorder ,  t ransmi t te r ,  
and other  S/C equipment used t o  sup 
port  the  capsule and BVS must be ac 
complished a s  well a s  the  cont ro l  o 
data flow during receiving and re -  
transmission of the data  

Comments on spacecraf t  equipment 
modifications and/or addi t ions  

Provide required sequencing control ,  
rout ing and conditioning of aero- 
s h e l l  multiplexer da ta  t o  SIC engi- 
neering multiplexer 

Minimum equipment complement to  do 
t h i s :  

1) Medium gain antenna array;  
2) RF multiplexer; 
3 )  FSK receiver  ( 2  each); 
4)  B i t  synchronizer (2 each). 

Use same receiver  and antenna a s  
above 

Minimum equipment complement: 

1) One frequency s h i f t  key modulated 

2 )  Tone command generator .  

Above equipment must be added to  S / C  
command s torage must be provided i n  
S I C  programer and sequencer 

t ransmit ter  ; 

Additional equipment required - 
tape recorder and control  

Modifications - provide gat ing and 
control  of data  t o  NRT buffer  of S I C  
programer/encoder 

The S I C  programer/computer and se- 
quencer must be programed t o  accom- 
p l i s h  these functions 
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RF mul t ip l exe r :  The r f  mu l t ip l exe r  i s o l a t e s  t h e  two r e c e i v e r s  
and t r a n s m i t t e r  and provides  a common connect ion  t o  t h e  antenna 
f o r  each of  t h e  u n i t s .  

Tape r eco rde r :  A t a p e  r eco rde r  f o r  s t o r a g e  and playback of  
BVS d a t a  has  been t e n t a t i v e l y  i d e n t i f i e d  a s  a d d i t i o n a l  equipment. 
T h i s  r eco rde r  can s t o r e  BVS d a t a  dur ing  capsu le  e n t r y  and BVS d e -  
ployment a t  t h e  same time t h e  e x i s t i n g  r eco rde r  i s  s t o r i n g  sub- 
s o n i c  probe d a t a .  The a d d i t i o n a l  r eco rde r  w i l l  a l s o  a l low t h e  
s t o r i n g  of  TV d a t a  a t  t h e  same t i m e  BVS d a t a  a r e  being rece ived  
du r ing  o r b i t a l  o p e r a t i o n s .  

The a d d i t i o n a l  r eco rde r  should have a c a p a c i t y  o f  approximate- 
l y  1 m i l l i o n  b i t s  and must run  a t  playback speeds compat ib le  w i t h  
t h e  S-band t e l eme t ry  r a t e s  of  200, 400, 800, and 1600 bps (speed 
w i l l  depend on number o f  r e a l - t i m e  words i n t e r l a c e d  w i t h  t h e  
s t o r e d  d a t a ) ,  

Relay antenna:  The r e l a y  antenna i s  a dual-element  c rossed-  
s l o t ,  cavi ty-backed antenna having an e l l i p t i c a l  p a t t e r n .  Each 
element i s  n e a r l y  i d e n t i c a l  t o  t h a t  of t h e  BVS antenna t h a t  has  
been descr ibed  e a r l i e r .  

The mod i f i ca t ion  and use o f  t h e  remaining s p a c e c r a f t  equipment 
i s  assumed f e a s i b l e ,  a l though d e t a i l  i n fo rma t ion  was no t  a v a i l a b l e .  

Guidance, c o n t r o l ,  and nav iga t ion . -  The capsu le  does not  have 
t h e  c a p a b i l i t y  f o r  maneuvering. Therefore ,  i t  i s  r equ i r ed  t h a t  
t h e  s p a c e c r a f t  maneuver t o  t h e  requi red  d e o r b i t  a t t i t u d e  be fo re  
capsu le  s e p a r a t i o n .  To minimize t i p o f f  r a t e s  a t  capsu le  separa-  
t i o n ,  i t  i s  r equ i r ed  t h a t  t h e  l i m i t  c y c l e  r a t e  be l i m i t e d  t o  0.1'1 
s e c .  

During t h e  p r e s e p a r a t i o n  phase,  command update  informat ion  on 
d e o r b i t  engine burntime w i l l  be t r ansmi t t ed  from E a r t h .  Th i s  i n -  
format ion  i s  t o  be loaded i n t o  t h e  a e r o s h e l l  sequencer burntime 
update  r e g i s t e r .  I n  a d d i t i o n ,  t h e  c o a s t  t imer  i n i t i a t e  and sepa-  
r a t i o n  sequence i n i t i a t e  commands w i l l  be t r ansmi t t ed  from E a r t h .  
The s p a c e c r a f t  must conver t  t h e s e  t o  d i s c r e t e  s i g n a l s  t h a t  w i l l  
t hen  i n i t i a t e  t h e  a e r o s h e l l  sequencer f u n c t i o n s ,  

It i s  assumed t h a t  t h e  l u n a r  o r b i t e r  system could be  modified 
t o  perform t h e s e  f u n c t i o n s ,  

Spacec ra f t  s c i e n c e , -  A proposed o r b i t e r  s c i ence  payload i s  
shown i n  t a b l e  C5. 
allowance; however, i t  was not  f e a s i b l e  t o  assess the  weight  s i g -  
n i f i c a n c e  oE t h e  scan  p la t form i n  t h i s  s t u d y ,  

T h i s  payload does not  equal  the b a s e l i n e  weight  
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Power subsystem,- The b a s e l i n e  Lunar O r b i t e r  s o l a r  a r r a y  ( f o u r  
pane ls )  can supply adequate  power f o r  t h e  BVS miss ion ,  

Table  5.2-3 of  NASA CR-66302 l i s t s  t h e  i tems making up t h e  
load  demand upon t h e  power subsystem of t h e  Lunar O r b i t e r .  These 
d a t a  form t h e  b a s i s  of  t h e  r e p o r t ' s  f i g u r e  5.2-3, which has  been 
r e p l o t t e d  i n  f i g u r e  C 5  wi th  t h e  a d d i t i o n a l  l oads  added f o r  use  
w i t h  t h e  BVS (c ross -ha tched) .  Modi f ica t ions  r equ i r ed  f o r  use w i t h  
t h e  BVS inc lude  a d d i t i o n  of  t h e  fo l lowing  equipment: 

Load, W 

VHF t r a n s m i t t e r  67 

VHF r e c e i v e r  1 . 5  

B i t  synchronizer  1 

Tape r eco rde r  8 

The f i r s t  t h r e e  items a r e  i n  o p e r a t i o n  from 5 h r  before  oper-  
a t i o n  of  t h e  BVS t r a n s m i t t e r  t o  1% h r  a f t e rward .  The t a p e  r e -  
corder  i s  i n  o p e r a t i o n  when d a t a  a r e  being rece ived  from t h e  BVS 
(10 min) and f o r  20 minutes when t h e  o r b i t e r  r e t r a n s m i t s  t h e s e  
d a t a  t o  E a r t h .  

The mod i f i ca t ions  cause t h e  maximum demand on t h e  o r b i t e r  
power subsystem t o  be increased  from 281.2 t o  297.8 W .  Th i s  w i l l  
have a n e g l i g i b l e  e f f e c t  on t h e  power subsystems.  

Mechanical i n t e r f a c e . -  F igu re  C6 shows t h e  8 . 5 - f t  diameter  
e n t r y  v e h i c l e  mounted i n  t h e  b i o c a n i s t e r  capsule  adap te r  r i n g  
beam a t t ached  a t  e i g h t  p l a c e s .  Each o f  t h e  e i g h t  a t t a c h  po in t s  
con ta in  a s p r i n g  t o  supply s e p a r a t i o n  v e l o c i t y  when t h e  e n t r y  
v e h i c l e  s e p a r a t e s  from t h e  s p a c e c r a f t .  The a f t  s e c t i o n  of t h e  
b i o c a n i s t e r  i s  a t t ached  t o  t h e  o r b i t i n g  s p a c e c r a f t  by V-band 
clamps. The l a r g e  diameter  r i n g  of  t h e  a f t  b i o c a n i s t e r  mounts 
t h e  t o t a l  system t o  t h e  T i t a n  I11 t r a n s t a g e  payload r i n g  frame. 
The forward s e c t i o n  o f  t h e  b i o c a n i s t e r  i s  separa ted  pyro techni -  
c a l l y  t o  a l low deployment of  t h e  e n t r y  v e h i c l e .  

E l e c t r i c a l  i n t e r f a c e . -  The e l e c r r i c a l  i n t e r f a c e  i s  shown i n  
f i g u r e  C 7 .  The func t ions  represented  inc lude  a t r i c k l e  charge 
du r ing  t h e  c r u i s e  mode t o  t h e  b a t t e r y  c h a r g e r s  mounted i n  t h e  cap- 
s u l e  adap te r ;  s t a t u s  monitor o f  t h e  BVS subsonic  probe and ae ro -  
s h e l l  mounted equipment and command f u n c t i o n  a s  r e q u i r e d .  
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Figure C6.- BVS/Entry Vehicle 
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Lunar O r b i t e r  Capsule 

I 
Capsule thermal 
c o n t r o l  h e a t e r s  

B a t t e r y  chargers  
(adapter  mounted) 

Power subsystem 

Data handling subsystem BVS engineer ing measurements 
( s t a t u s  monitor) 

Subsonic probe engineer ing 
measurements ( s t a t u s  monitor) 

Aeroshe l l  mounted equipment 
engineer ing measurements 
( s t a t u s  monitor) 

Command subsystem Aeroshe l l  sequencer 

Figure C7.  - Lunar Orbiter/Capsule E l e c t r i c a l  I n t e r f a c e  

7 1  



APPENDIX C 

MARINER '69 

The Mariner s p a c e c r a f t  a s  def ined  i n  t h e  Mariner Mars 1969 
Funct iona l  Requirements Document, w i t h  r e v i s i o n s ,  w a s  s p e c i f i e d  
a s  t h e  s p a c e c r a f t  f o r  t h e  f lyby  miss ion .  

N o  major problems of  c o m p a t i b i l i t y  between t h e  Mariner '69 and 
t h e  BVS have been i d e n t i f i e d .  Modi f i ca t ions  a r e  r equ i r ed  and a r e  
i d e n t i f i e d  t o  suppor t  t h e  a d d i t i o n  of  t h e  BVS/Entry Vehic le  dur ing  
t r a n s i t ,  provide s t a t u s  monitor o f  t h e  BVS, subsonic  probe,  and 
aeroshell-mounted equipment, and provide  a r e l a y  l i n k  t o  E a r t h  
f o r  t he  BVS and subsonic  probe du r ing  c o a s t ,  a tmospheric  e n t r y ,  
and deployment. 

The r equ i r ed  mod i f i ca t ions  t o  t h e  Mariner a r e  summarized i n  
t a b l e  66 .  

Design 

F igu re  C8 shows t h e  i n t e g r a t i o n  of  t h e  Mariner '69 s p a c e c r a f t  
and the  BVS/Entry Vehicle  i n  i t s  b i o c a n i s t e r .  Mod i f i ca t ions  t o  
t h e  Mariner '69 s p a c e c r a f t  a r e  based on t h e  requirements  o f  a 
Venus f lyby  mission and t h e  deployment of an e n t r y  v e h i c l e  con- 
t a i n i n g  the  BVS. 
i ng  c r u i s e  and encounter ,  and t h e  f a c t  t h a t  t h e  s p a c e c r a f t  must 
have a communications l i n k  w i t h  t h e  e n t r y  v e h i c l e  up t o  t h e  t i m e  
of ba l loon  deployment, s e v e r a l  mod i f i ca t ions  t o  t h e  s p a c e c r a f t  
w i l l  be necessa ry .  They a r e  a s  fol lows:  

Because of  t h e  sun/Earth/Venus r e l a t i o n s h i p  dur -  

1) The s o l a r  pane l s  must be  inve r t ed  t o  r e c e i v e  t h e  sun 
from t h e  capsu le  s i d e .  They must a l s o  be lengthened 
t o  prevent  shading by t h e  capsu le ;  

2)  The scan p la t form w i l l  be r e l o c a t e d  t o  t h e  o p p o s i t e  
s i d e  o f  t h e  oc tagonal  s t r u c t u r e ,  and modified a s  re- 
qui red  t o  accept  t h e  s p a c e c r a f t  s c i ence  complement; 

3 )  The h igh-ga in  antenna w i l l  be r e l o c a t e d  t o  t h e  new 
cone and c lock  ang le s ;  

4) Two r e c e i v i n g  communication systems must be mounted 
on t h e  s p a c e c r a f t ,  one f o r  BVS e n t r y  and deployment 
d a t a ,  and one f o r  subsonic  probe d a t a .  A r e l a y  an- 
t enna  p l u s  an  a d d i t i o n a l  d a t a  s t o r a g e  u n i t  must a l s o  
be loca ted  on t h e  s p a c e c r a f t ;  
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TABLE C6.- SPACECRAFT MODIFICATIONS 

Mod i f  i c a  t i o n  

S t r u c t u r a l  mod i f i ca t ion  t o  
a t t a c h  capsu le  

Modi f i ca t ion  o f  S / C  thermal 
con t r o  1 

Modi f i ca t ion  of  s o l a r  pan- 
e l  s 

Modi f i ca t ion  o f  power sys -  
t e m  

Add receiver (2 each) 

Add b i t  synchron ize r  
(2 each) 

Add r f  mu l t ip l exe r  

Add t ape  r e c o r d e r  

Add r e l a y  antenna 

Re loca te  scan  p l a t fo rm 

Add sequencer d i s c r e t e s  

Reor i en t  high-gain antenna 

Reor i en t  midcourse propul-  
s i o n  engine 

'1 

Add b i s t a t i c  r a d a r  antenna 

Add plasma probe 

Remove approach guidance 
subsystem 

Purpose 

To provide i n t e r f a c e  f o r  cap- 
s u l e  a d a p t e r  

Con t ro l  o f  S / C  temperature  

P rov ide  view of  sun 

P rov ide  power t o  c a p s u l e  and 
added S/C systems 

Receive BVS/EV te l eme t ry  d a t a  

B i t  by b i t  synchron iza t ion  o f  
BVS d a t a  s t ream be fo re  e n t r y  
i n t o  t a p e  memory 

Provide common connect ion t o  
t h e  antenna f o r  t h e  two re- 
c e i v e r s  

Provide s t o r a g e  f o r  BVS/EV 
d a t a  

Provide TM l i n k  f o r  BVS/EV 

Provide p l a n e t  coverage f o r  
S/C s c i e n c e  and al low f o r  cap- 
s u l e  a t tachment  t o  S/C 

Provide s i g n a l s  f o r  BVS/EV 
p r e s e p a r a t i o n  and s e p a r a t i o n  
p l u s  r e c e i p t  of BVS t e l e m e t r y  

P rov ide  proper  o r i e n t a t i o n  t o  
E a r t h  

Provide proper  midcourse ma- 
neuver 

V i e w  p l a n e t  a t  subea r th  p o i n t  
d u r i n g  encounter  

View sun 

Experiment f o r  Mars 

J u s t i f i c a t i o n  

P resence  o f  c a p s u l e  w i l l  
modify h e a t  ba l ance  

Presence o f  capsu le  w i J . 1  
shade pane l s ;  a l s o  pane l s  
must be  r o t a t e d  180" t o  
view sun 

See capsu le  power r e q u i r e -  
ment and o t h e r  S/C mods 

S/C must p rov ide  r e l a y  
l i n k  t o  E a r t h  

See communications sec -  
t i o n  

To a l low f o r  s i n g l e  an- 
t enna 

Approximately one m i l l i o n  
b i t s  o f  d a t a  must be 
s t o r e d  du r ing  e n t r y  and 
deployment of  BVS 

Relay l i n k  i s  r equ i r ed  

Scan p l a t fo rm mounting on 
same s i d e  a s  capsu le  

Cone and c l o c k  a n g l e s  d i f -  
f e r e n t  from Mars mission 

Engine must p rov ide  t h r u s t  
through p l a n e t a r y  v e h i c l e  
c e n t e r  o f  g r a v i t y  

Required t o  perform b i s t a t -  
i c  experiment 

Required f o r  plasma ex- 
periment 

Not r e q u i r e d  f o r  Venus 
m i  s s i o n  
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5) The Mariner '69 midcourse propuls ion  engine  w i l l  be 
r e a l i g n e d  t o  a c t  through t h e  new c e n t e r  o f  g r a v i t y ;  

6) A b i s t a t i c  r a d a r  antenna w i l l  be added t o  view t h e  
p l a n e t  a t  t h e  sub-Earth p o i n t  dur ing  t h e  encounter  
approach; 

7) A plasma probe i s  added t o  view t h e  sun p a s t  t h e  probe 
c a n i s t e r .  It  i s  supported o f f  t h e  s o l a r  panel  s t r u c -  
t u r e  and deployed w i t h  i t ;  

8) A m e c h a n i c a l / e l e c t r i c a l  i n t e r f a c e  w i t h  t h e  capsule  
a d a p t e r  w i l l  be r e q u i r e d ;  

9) The approach guidance system w i l l  n o t  be c a r r i e d .  

The Mariner s p a c e c r a f t  w i t h  t h e  modi f ica t ions  made a s  summar- 
i z e d  i n  t a b l e  C6 w i l l  adequate ly  perform t h e  r e f e r e n c e  f l y b y  m i s -  
s i o n .  

System C o m p a t i b i l i t y  

Telecommunications.- S p a c e c r a f t  telecommunications suppor t  
f u n c t i o n s  requi red  o f  t h e  Mariner Mars 1969 s p a c e c r a f t  system t o  
suppor t  t h e  1972 Venus f l y b y  mission a r e  i d e n t i f i e d  i n  t a b l e  C 7 .  

A d d i t i o n a l  equipment requi red  a r e  a r e l a y  antenna,  rf mul t i -  
p l e x e r ,  two r e c e i v e r s  (one each f o r  t h e  BVS and subsonic  probe) ,  
two b i t  synchronizers ,  and a d i g i t a l  t a p e  r e c o r d e r .  The space- 
c r a f t  suppor t  equipment i s  shown i n  t h e  s i m p l i f i e d  b lock  diagram 
of  f i g u r e  C9. The weight and power summary i s  shown i n  t a b l e  68. 

A b r i e f  d e s c r i p t i o n  of  t h e  s p a c e c r a f t  equipment requi red  t o  
suppor t  t h e  BVS and subsonic  probe i s  provided below. 

Relay antenna: The r e l a y  antenna i s  a dual-element c a v i t y -  
backed c r o s s e d - s l o t  having a n  e l l i p t i c a l  p a t t e r n .  Each element 
i s  n e a r l y  i d e n t i c a l  t o  t h a t  o f  t h e  BVS and subsonic  probe antennas 
descr ibed  e a r l i e r .  A g a i n  p a t t e r n  f o r  t h e  s p a c e c r a f t  r e l a y  an- 
tenna i s  shown i n  t h e  BVS Radio Subsystem Performance s e c t i o n .  

RF mul t ip lexer :  The r f  m u l t i p l e x e r  i s o l a t e s  t h e  two r e c e i v e r s  
and provides  a common connect ion t o  t h e  s p a c e c r a f t  r e l a y  an tenna .  

76 



APPENDIX C 

TABLE C7.- BVS AND SUBSONIC PROBE FUNCTIONS TO BE SUPPORTED 
BY MARINER SPACECRAFT 

u n c t i o n s  ( p r e s e p a r a t i o n )  

Receive e n t r y  v e h i c l e  d a t a  
i n c l u d i n g  subsonic  probe 
and BVS dep loy  d a t a  fol low- 
i n g  s e p a r a t i o n  from t h e  
a e r o s h e l l  ( u n t i l  s t a t i o n  
i s  completely deployed and 
subson ic  probe has  impacted 
on t h e  p l a n e t )  

S to rage  and r e t r a n s m i s s i o n  
o f  d a t a  r ece ived  from sub- 
s o n i c  probe and BVS 

Programing o f  s p a c e c r a f t  
power, d a t a  s t o r a g e ,  and 
t r a n s f e r  t o  accomplish 
f u n c t i o n s  shown above 

Requirements 

Con t ro l  capsu le  a e r o s h e l l  
m u l t i p l e x e r  and r e c e i v e  hard-  
l i n e  t e l e m e t r y  d a t a  d u r i n g  
c r u i s e  mode 

Receive t e l eme t ry  d a t a  over  
BVS t o  S/C l i n k  d u r i n g  sepa-  
r a t i o n  o f  c a p s u l e  from SIC 
and d u r i n g  AV burn 

Receive t e l e m e t r y  d a t a  from 
BVS t o  S/C l i n k  du r ing  cap- 
s u l e  e n t r y  t o  BVS s e p a r a t i o n  
from a e r o s h e l l  

Receive t e l e m e t r y  s imul t ane -  
o u s l y  from BVS and from sub- 
s o n i c  probe a f t e r  s e p a r a t i o n  
o f  t h e s e  from t h e  a e r o s h e l l  

Telemetry l i n k  modulation and 
b i t  r a t e  t o  be 240 bps PSK 
bo th  l i n k s  

Provide s t o r a g e  f o r  0.86 m i l -  
l i o n  b i t s  BVS d a t a  and 0.64 
m i l l i o n  b i t s  subsonic  probe 
d a t a  ; simultaneous r e c e p t i o n  
w i l l  occur  d u r i n g  c e r t a i n  

mis s ion  phasesa 

The t u r n i n g  on and o f f  o f  pow- 
e r  t o  r e c e i v e r s ,  r e c o r d e r ,  and 
o t h e r  SIC equipment used i n  
suppor t  o f  t h e  BVS and subson- 
i c  probe must be accomplished 
a s  w e l l  a s  t h e  c o n t r o l  o f  d a t a  
flow d u r i n g  r e c e i v i n g  and r e -  
t r ansmiss ion  of t h e  d a t a  

Comments 

Provide r equ i r ed  sequencing 
c o n t r o l ,  r o u t i n g ,  and con- 
d i t i o n i n g  o f  a e r o s h e l l  mul- 
t i p l e x e r  d a t a  t o  S I C  engi-  
nee r ing  m u l t i p l e x e r  

Minimum equipment complement 
t o  do t h i s :  

1) Medium g a i n  antenna a r -  
r a y ;  

2) RF m u l t i p l e x e r ;  

3) FSK r e c e i v e r  (2 each ) ;  

4 )  B i t  synchronizer '  ( 2  
each) .  

Minimum equipment comple- 
ment t o  t o  t h i s  - d i g i t a l  
t a p e  r e c o r d e r  

The S/C programer/computer 
and sequencer  must be pro- 
gramed t o  accomplish t h e s e  
f u n c t i o n s  

a Data volume i s  based on BVS t r a n s m i s s i o n  from S/C s e p a r a t i o n  f o r  22 min and from BVS 
e n t r y  - 20 min t o  BVS e n t r y  -I- 17.5 min a t  240 bps.  
minutes  to e n t r y  i- 6 .5  minutes a t  240 bps was assumed f o r  t h e  subsonic  probe.  T h i s  
45-min o p e r a t i n g  pe r iod  i s  compatible  w i t h  t h e  probe view t i m e  f o r  a nominal space-  
c r a f t  l e a d  t i m e  o f  45 min. 

Transmission from e n t r y  f 1 .5  
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TABLE C 8 . -  SPACECRAFT SUPPORT EQUIPMENT POWER 
AND WEIGHT SUMMARY 

Equipment 

Relay antenna 

RF m u l t i p l e x e r  

FSK r e c e i v e r  (2) 

B i t  synchronizer  (2) 

D i g i t a l  t a p e  r e c o r d e r  

T o t a l s  

Load, W 

1 . 5  (each) 

1.0 (each) 

8 .O 

13 .O 

Weight, l b  

10 .o 

.6 

3.0 (each) 

1 .O (each) 

12 .o 

30.6 

Receiver :  Both t h e  BVS and subsonic  probe r e c e i v e r s  a r e  dou- 
b l e  superheterodyne frequency s h i f t  key u n i t s  w i t h  mark and space  
p r e d e t e c t i o n  f i l t e r s  followed by square  law d e t e c t o r s  and a summer. 
The BVS and probe r e c e i v e r  nominal f r e q u e n c i e s  a r e  390 and 400 
MHz, r e s p e c t i v e l y .  The r e c e i v e r s  a r e  o f  t h e  same d e s i g n  its those  
r e q u i r e d  f o r  t h e  o r b i t e r  i n  t h e  BVS o r b i t a l  mission.  

B i t  synchronizer :  Each b i t  synchronizer  i s  r e q u i r e d  t o  p e r -  
form b i t - b y - b i t  synchroniza t ion  of  t h e  BVS and subsonic  probe 
d a t a  s t reams b e f o r e  e n t r y  of  d a t a  i n t o  t a p e  memory. The u n i t s  
a r e  of t h e  same d e s i g n  a s  requi red  f o r  t h e  o r b i t e r  i n  t h e  BVS o r -  
b i t a l  mission.  

D i g i t a l  t a p e  recorder :  A t ape  r e c o r d e r  f o r  s t o r a g e  and play-  
back of  t h e  BVS and subsonic  probe d a t a  has  been i d e n t i f i e d  a s  
a d d i t i o n a l  equipment. The Mariner Mars 1969 d a t a  s t o r a g e  subsys- 
t e m  f u n c t i o n a l  requirements ,  M69-4-2016A, i n d i c a t e  complete use  
o f  p r e s e n t  d a t a  s t o r a g e  c a p a b i l i t y  i s ' r e q u i r e d  f o r  e x i s t i n g  space- 
c r a f t  s c i e n c e ,  The a d d i t i o n a l  r e c o r d e r  w i l l  have a minimum s t o r -  
age c a p a b i l i t y  o f  1 . 5  m i l l i o n  b i t s  w i t h  record  and playback s p e e d s  
compatible  w i t h  a record d a t a  r a t e  o f  240 bps and a playback d a t a  
r a t e  of  270 bps.  

The a d d i t i o n a l  equipment w i l l  a f f e c t  s e v e r a l  e x i s t i n g  space- 
c r a f t  subsystems, such a s  s t r u c t u r e s ,  power, c a b l i n g ,  f l i g h t  t e -  
lemet ry ,  and t h e  programer.  The a d d i t i o n  o f  t h e  t a p e  r e c o r d e r  
f o r  example, w i l l  r e q u i r e  more e l e c t r i c  power, c o n t r o l  of  o p e r a t -  
i n g  mode (record/playback)  and s p e e d ,  a s  w e l l  a s  implementing a 
playback sequence t o  c o n t r o l  t h e  o u t p u t  o f  t h e  t h r e e  r e c o r d e r s .  
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Flyby s p a c e c r a f t  experiments . -  The s p a c e c r a f t  experiments  and 
t h e i r  o b j e c t i v e s  a r e  summarized i n  t a b l e  C9. 

TABLE C9.- SCIENTIFIC OBJECTIVES AND INSTRUMENTS FOR FLYBY SPACECRAFT 

Ins t rument  o r  experiment 

U l t r a v i o l e t  (uv) spectrometer  
( s i m i l a r  t o  Mariner '69 i n -  
s trument) 

I n f r a r e d  ( I R )  spectrometer  
and radiometer  ( s i m i l a r  t o  
Mariner '69 ins t ruments )  

Photo-imaging (3-color  TV) 

B i s t a t i c  r a d a r  r e c e i v e r  

Magnetometer and plasma probe 

C e l e s t i a l  mechanics 

O b j e c t i v e s  

Obta in  h igh  s p a t i a l  r e s o l u t i o n  uv s p e c t r a  o f  
day s i d e ,  n i g h t  s i d e ,  and t w i l i g h t  atmosphere 
o f  Venus t o  determine abundance and a l t i t u d e  
d i s t r i b u t i o n  o f  upper atmosphere c o n s t i t u e n t s  

Obta in  h igh  s p a t i a l  r e s o l u t i o n  I R  s p e c t r a  o f  
atmosphere and clouds t o  provide  informat ion  
on atmospheric  and cloud composition and s t r u c -  
t u r e  

Obta in  images o f  cloud cover a t  r e s o l u t i o n s  of  
about 0 .5  t o  1 km/TV l i n e  i n  whi te ,  b l u e ,  and 
yel low l i g h t  providing informat ion  on cloud 
s t r u c t u r e ,  b reaks ,  and c i r c u l a t i o n  p a t t e r n  

Provide informat ion  on s u r f a c e  topography, 
r a d i u s  o f  p l a n e t ,  s m a l l - s c a l e  roughness,  and 
genera l  r e f l e c t i v i t y  and e l e c t r i c a l  p r o p e r t i e s  
o f s u r f  a c e  

I n v e s t i g a t e  p l a n e t a r y  and i n t e r p l a n e t a r y  f i e l d s  
i n t e r a c t i o n  of s o l a r  wind w i t h  p l a n e t ,  d e f i n e  
shock f r o n t s  d e t e c t e d  by Mariner V 

R e f i n e  mass o f  Venus, i n v e s t i g a t e  d e n s i t y  d i s -  
t r i b u t i o n  w i t h i n  p l a n e t  

The experiment c h a r a c t e r i s t i c s  a r e  summarized i n  Table  C 1 0 .  
A s  can be seen ,  bo th  t h e  t o t a l  weight  and t h e  power a r e  less  than  
t h a t  a l l o c a t e d  so t h e r e  i s  some margin f o r  growth. Most of  t h e  
experiment c h a r a c t e r i s t i c s  a r e  based on those  given i n  t h e  JPL 
Mariner '67 and Mariner '69 Funct iona l  Requirements Documents. 

Power subsystem.- The s o l a r  panel  a r e a  f o r  t h e  Mariner Mars 
1969 s p a c e c r a f t  i s  g iven  a s  83 f t 2 .  When flown t o  Venus, t h i s  
panel  a r e a  could produce 1050 W ,  based on a s p e c i f i c  o u t p u t  of  
12.6 W/ft2. Because t h i s  power i s  excess ive ,  a s  shown below, t h e  
a r e a  can be reduced cons iderably .  
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Power requi rements  from Tab le  I V  of  M69-3-250A, dated 15 NOV. 
1967, a r e  g iven  below: 

Normal f l i g h t  sequence phases  Mars '69 ,  W 

Launch 

S t a r  a c q u i s i t i o n  

Cru i se  

Maneuver 

Encounter 

Playback 

Abnormal f l i g h t  sequence phase,  
g y r o s  on 

C r u i s e  

Encounter 

P1 ayba c k 

337 

33 7 

315 

368 

3 89 

331 

3 50 

42 8 

3 66 

Con t r ibu t ing  t o  t h e  v a l u e s  shown a r e  t h e  s c i e n c e  power re- 
quirements l i s t e d  i n  Table  V of  M69-3-250A as :  

I tem - 
T e l e v i s i o n  power 

I n f r a r e d  radiometer  power 

I n f r a r e d  spec t rometer  power 

Power, W 

32 .O 

3 .O 

4.0 

U l t r a v i o l e t  spectrometer  power 12 .o 
Data automation subsystem power - 20 .o 

T o t a l  s c i ence  power 71 .O 

The sc i ence  items l i s t e d  w i l l  be rep laced  by those  g iven  below: 

I t e m  Power, W - 
TV (3-color )  20 

UV spec t rometer  12 

B i s t a t i c  r a d a r  5 

Magnetometer 

Plasma probe 

I R  spec t rometer  

T o t a l  

5 

10 

20 

72 
- 
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The fo l lowing  l o a d s  w i l l  be added t o  t h e  s p a c e c r a f t  power sub- 
system: 

Communications 

FSK r e c e i v e r  (2) 

Power, W 

3 

B i t  synchronizer  (2) 2 

D i g i t a l  t a p e  r e c o r d e r  8 

Power 

Chargers (2) f o r  BVS and a e r o -  
s h e l l  b a t t e r i e s  ( o p e r a t i n g  a t  
C /50) 20 

E l e c t r i c  h e a t e r s  f o r  capsule  - 
Thermal 

38 

T o t a l  71 

Should a l l  of  t h e  l o a d s  l i s t e d  be connected s imul taneous ly ,  t h e  
t o t a l  w i l l  be  143 W added, a s  compared t o  7 1  W rep laced  o r  a n e t  
g a i n  of  72 W .  

Adding t h e  load g a i n  o f  72 W due t o  s p a c e c r a f t  m o d i f i c a t i o n s  
t o  t h e  v a l u e  of  428 W shown f o r  “Encounter” ( w i t h  gyros on) a 
t o t a l  o f  500 W r e s u l t s .  Paragraph 3 .4 .2 .1  of M69-4-2004A, da ted  
14 Nov. 1967, shows 464 W t o  be  t h e  guaranteed s o l a r  panel  power 
c a p a b i l i t y  a t  encounter .  The maximum p o s s i b l e  power has  been 
shown t o  be 70 W over  t h e  guaranteed v a l u e .  Thus, t h e  r a t i o  o f  
maximum p o s s i b l e  power t o  t h a t  requi red  i s  1.25.  Applying t h i s  
same margin t o  t h e  new v a l u e  f o r  t h e  modified s p a c e c r a f t  would 
g i v e  625 W a s  t h e  g r o s s  o u t p u t  c a p a b i l i t y  of  t h e  s o l a r  pane ls .  
T h i s  amount o f  power would r e q u i r e  an a r e a  o f  49.5 f t 2  a s  com- 
pared t o  83 f t 2  i n s t a l l e d  f o r  t h e  Mars miss ion .  

Mechanical i n t e r f a c e . -  The capsule  a d a p t e r  i n t e r f a c e  w i t h  t h e  
s p a c e c r a f t  i s  shown i n  f i g u r e  C 2  i n  t h e  o r b i t a l  mission s e c t i o n .  
T h i s  i n t e r f a c e  i s  e s s e n t i a l l y  i d e n t i c a l  t o  t h a t  w i t h  t h e  o r b i t -  
i n g  s p a c e c r a f t .  Also,  t h e  at tachment  and s e p a r a t i o n  mechanisms 
f o r  t h e  c a p s u l e  from t h e  a d a p t e r  and t h e  b i o c a n i s t e r  from t h e  
a d a p t e r  a r e  shown i n  f i g u r e  C2. 

E l e c t r i c a l  i n t e r f a c e . -  The e l e c t r i c a l  i n t e r f a c e  between t h e  
s p a c e c r a f t  and capsule  system i s  shown i n  f i g u r e  C 1 0 .  A c i r c u i t  
i s  r e q u i r e d  from t h e  s p a c e c r a f t  power subsystem t o  provide  a ’ 

t r i c k l e  charge  dur ing  t h e  c r u i s e  mode t o  t h e  b a t t e r y  c h a r g e r s  
mounted i n  t h e  c a p s u l e  a d a p t e r .  T h i s  provides  charg ing  f o r  t h e  
BVS, subsonic  probe and aeroshell-mounted b a t t e r i e s .  
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Capsule Mariner I 
I 
I 
I 
I 

Power subsystem Battery chargers 
(a da p t e r mount e d ) 

Data handling subsystem BVS engineering measurements 
(status monitor) 

Subsonic probe engineering 
measurements (status monitor) 

Aeroshell-mounted equipment 
engineering measurements 
(status monitor) 

Command subsystem Aeroshell sequencer 
(in it iat e) 

Figure C10.- Mariner/Capsule Electrical Interface 
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A w i r e  bundle o f  10 wires i s  r e q u i r e d  t o  provide s t a t u s  moni- 
t o r  o f  the BVS, subsonic  probe,  and aeroshell-mounted equipment. 
T h i s  w i l l  provide d a t a  t r a n s m i t t a l  and c o n t r o l  o f  s t a t u s  monitor.  
A c i r c u i t  i s  requi red  from t h e  s p a c e c r a f t  command subsystem t o  
the a e r o s h e l l  sequencer t o  command t h e  sequencer on and o f f .  

MARINER , . VENUS /MERCURY 

The Mariner s p a c e c r a f t  a s  def ined i n  JPL Document 760-1, 
"Study o f  a Venus/Mercury Mission w i t h  a Venus E n t r y  Probe," was 
s p e c i f i e d  a s  t h e  s p a c e c r a f t  f o r  t h e  Venus/Mercury mission.  

No  major problems o f  c o m p a t i b i l i t y  between t h i s  s p a c e c r a f t  
and t h e  BVS/Entry Vehicle  have been i d e n t i f i e d ;  however, modifica- 
t i o n s  a r e  r e q u i r e d  t o  s u b s t i t u t e  t h e  BVS/Entry Vehicle  f o r  t h e  
e n t r y  probe i d e n t i f i e d  i n  t h e  JPL document due t o  t h e  d i f f e r e n c e s  
i n  weight and s i z e  of  t h e  two capsules  and use of  a d i r e c t  communi- 
c a t i o n s  l i n k  t o  E a r t h  i n s t e a d  of  a r e l a y  l i n k  v i a  t h e  s p a c e c r a f t .  

These modi f ica t ions  a r e  summarized i n  t a b l e  C 1 1  and a r e  d i s -  
cussed below. 

Design Modi f i e  a t  i o n s  

S p a c e c r a f t  s t r u c t u r e . -  F i g u r e  C 1 1  shows t h e  i n t e g r a t i o n  o f  
t h e  s p a c e c r a f t  and  t h e  BVS/Entry Vehic le  i n  i t s  b i o c a n i s t e r .  
diameter  o f  t h e  e n t r y  c a p s u l e  i s  7.0 f t  and t h e  o v e r a l l  l e n g t h  
wi th  propuls ion  module, i s  approximately 5.0 f t .  It  i s  mounted 
on t h e  s p a c e c r a f t  i n  p l a c e  o f  t h e  e n t r y  probe shown i n  JPL Docu- 
ment 760-1. 

The 

The c a p s u l e  i s  adapted t o  t h e  s p a c e c r a f t  w i t h  a cone frustum 
c a n i s t e r l a d a p t e r  t h a t  a l s o  maintains  s t e r i l i t y  of  t h e  capsule .  
The b i o c a n i s t e r  i s  completed by a c l o s u r e  bulkhead a t  t h e  space- 
c r a f t  i n t e r f a c e  and by a j e t t i s o n a b l e  c a n i s t e r  cover t h a t  a t t a c h e s  
a t  t h e  major diameter  o f  t h e  cone frustum. The boos ter  a d a p t e r  
a l s o  a t t a c h e s  a t  t h e  major diameter  of  t h e  b i o c a n i s t e r .  

Modi f ica t ions  t o  t h e  s p a c e c r a f t  a r e  p r i m a r i l y  r e l o c a t i o n s  o f  
s c i e n c e  and communications equipment r e s u l t i n g  i n  new mounting 
and deployment s t r u c t u r e .  
because o f  t h e  l a r g e  d i f f e r e n c e  i n  Venus capsule  system weight.  
Two p o s i t i o n  c a p a b i l i t y  w i l l  be r e t a i n e d .  The b a s i c  oc tagonal  
body s t r u c t u r a l  c o n f i g u r a t i o n  w i l l  remain t h e  same. 

The midcourse engine must be  r e o r i e n t e d  
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Experiment Weight, l b  

T e l e v i s i o n  cameras (2  each) 47 ( t o t a l )  

Microwave spectrometer / imager  50 

UV s p e c t r o m e t e r ,  25 

Magnetometer 7 

Plasma probe 15 

36 Scan p l a t fo rms ,  a c t u a t o r s ,  e t c .  - 
T o t a l s  180 

Spacec ra f t  s c i e n c e . -  The s p a c e c r a f t  s c i e n c e  complement i n  ad- 
d i t i o n  t o  t h e  BVS/Entry Vehic le  i s  shown i n  t a b l e  612. T h i s  r e -  

Power , W 

32 

40 

12 

5 

10 

20 

119  
- 

duces t h e  sc i ence  payload t o  a t o t a l  of  180 l b  by e l i m i n a t i n g  
some of  t h e  c r u i s e  sc i ence  shown i n  JPL Document 760-1. The en- 
counter  s c i e n c e  f o r  bo th  Venus and Mercury remains i n t a c t  and t h e  
major s c i ence  o b j e c t i v e s  have been r e t a i n e d .  

TABLE C 1 2 . -  SPACECRAFT EXPERIMENTS 

The major e f f e c t  of t h e  reduced payload on s p a c e c r a f t  subsys-  
tems i s  f e l t  i n  t h e  s p a c e c r a f t  d a t a  automation system t h a t  w i l l  
be r equ i r ed  t o  handle  less  d a t a  i n  the  c r u i s e  mode and thus  be 
made compatible  wi th  t h e  c u r r e n t  s c i ence  complement. 

Spacec ra f t  te lecommunicat ions.-  No r e l a y  communications l i n k  
between t h e  capsu le  and t h e  s p a c e c r a f t  i s  r equ i r ed  ( t h e  capsu le  
w i l l  t r ansmi t  d i r e c t l y  t o  E a r t h  fo l lowing  i t s  s e p a r a t i o n  from t h e  
s p a c e c r a f t ) ;  t h e r e f o r e ,  t h e  s p a c e c r a f t  r e l a y  equipment may be d e -  
l e t e d .  T h i s  e l i m i n a t e s  16 .5  l b  of  equipment c o n s i s t i n g  of  an tenna ,  
r e c e i v e r ,  and t e l eme t ry  equipment. The h a r d l i n e s  r equ i r ed  f o r  
p re sepa ra t ion  checkout of t h e  capsu le  i n  t h e  JPL c o n f i g u r a t i o n  
can  be used f o r  t h e  BVS/Entry Vehicle .  

S i m i l a r l y ,  t h e  d i s c r e t e s  r equ i r ed  f o r  powering up t h e  JPL cap- 
s u l e  and i n i t i a t i n g  p r e s e p a r a t i o n  and s e p a r a t i o n  sequences can be 
r e t a i n e d .  

D i s c r e t e s  a s soc ia t ed  w i t h  r e c e i p t  o f  r e l a y  d a t a  from t h e  cap- 
s u l e  and f o r  t r ansmiss ion  o f  t h e  d a t a  t o  Ea r th  a r e  no longer  re- 
qui red  and can be d e l e t e d .  

Spacec ra f t  power subsystem.- Peak power loads  f o r  t h e  mission 
w i l l  remain e s s e n t i a l l y  t h e  same because t h e  d e l e t i o n  of t h e  re- 
l a y  equipment r e s u l t s  i n  an i n s i g n i f i c a n t  r e d u c t i o n  i n  power. 
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The s o l a r  c e l l  con f igu ra t ion ,  however, must be modified t o  
move both  t h e  f ixed  and deployed panel  a r e a  f u r t h e r  from t h e  r o l l  
a x i s  t o  prevent  shading by t h e  l a r g e r  diameter  capsule .  

No  o t h e r  mod i f i ca t ions  t o  t h e  subsystem have been i d e n t i f i e d  
o t h e r  than  removal o f  power swi tch ing  f o r  t h e  d e l e t e d  communica- 
t i o n s  r e l a y  equipment. 

A pho tovo l t a i c  a r r a y  was s e l e c t e d  a s  t h e  b a s e l i n e  power sub- 
system c o n f i g u r a t i o n  f o r  t h e  Venus/Mercury mission according t o  
t h e  re ferenced  JPL Document 760-1. Because t h e  mission involves  
c l o s e  approach t o  t h e  sun (0.43 AU a t  Mercury encounter)  t h e  so-  
l a r  pane ls  a r e  exposed t o  a s o l a r  f l u x  s e v e r a l  t imes t h a t  a t  Ea r th  
c r e a t i n g  seve re  thermal problems. 

The power subsystem i s  composed o f  s o l a r  c e l l  pane l s ,  panel 
swi tch ing  c i r c u i t r y ,  a b a t t e r y ,  and power cond i t ion ing  equipment. 
The power source  i s  s i zed  f o r  t h e  cont inuous power demand (about 
270 W ) ,  wh i l e  t h e  b a t t e r y  i s  s i zed  t o  supply t h e  launch/preacqui-  
s i t i o n  power requirement  and t h e  power peaks,  which a r e  beyond 
t h e  c a p a b i l i t y  of  t h e  s o l a r  a r r a y .  

To main ta in  a s o l a r  panel temperature  below 140°C t o  avoid 
mel t ing  t h e  s o l d e r  connec t ions ,  a s e m i r e f l e c t i v e ,  semi t ransparent  
metal  coa t ing  was appl ied  a t  t h e  back of t h e  cover g l a s s e s  t o  r e -  
f l e c t  61% of t h e  t o t a l  incoming energy. Seven f ixed  panels  t o t a l -  
i n g  23 f t 2  and fou r  e x t e n d i b l e  pane ls  t o t a l i n g  34 f t 2  provide s u f -  
f i c i e n t  s o l a r  panel a r e a  t o  main ta in  a minimum of 270 W .  To l i m i t  
t h e  range  of  v o l t a g e  i n p u t  t o  t h e  power cond i t ion ing  equipment, 
s e c t i o n s  o f  t h e  a r r a y  a r e  e l e c t r i c a l l y  reconnected a f t e r  Venus 
encounter  t o  i n c r e a s e  t h e  number o f  c e l l s  i n  s e r i e s  by 50%. T h i s  
compensates f o r  t h e  r educ t ion  i n  c e l l  vo l t age  caused by t h e  i n -  
c r e a s e  i n  temperature .  The reconnect ion  w i l l  boost  t h e  a r r a y  
o p e n - c i r c u i t  v o l t a g e  a f t e r  Venus encounter  t o  about  52 V and w i l l  
provide a t  Mercury a minimum a r r a y  v o l t a g e  above 28 V. 

The power subsystem uses  a 1200 W-h b a t t e r y ,  i d e n t i c a l  t o  
t h a t  t o  be  used on Mariner 1969. 
ment i s  a l s o  based on Mariner 1969 components and des ign  phi loso-  

The power cond i t ion ing  equip-  

phy. 

Spacec ra f t  and BVS/Entry Vehic le  I n t e r f a c e s  

Mechanical i n t e r f a c e . -  The capsule  adap te r  i n t e r f a c e  w i t h  t h e  
s p a c e c r a f t  i s  t h e  same a s  f o r  t h e  o r b i t a l  and f lyby  missions d i s -  
cussed p rev ious ly .  
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E l e c t r i c a l  i n t e r f a c e . -  The e l e c t r i c a l  i n t e r f a c e  between t h e  
capsu le  and s p a c e c r a f t  i s  t h e  same a s  f o r  t h e  f l y b y  miss ion  con- 
s i s t i n g  of  10 conductors t o  provide  s t a t u s  moni tor ing  d a t a ,  t o  
provide  power t o  t h e  t r i c k l e  cha rge r s  ( t o  ma in ta in  charge  on BVS, 
subsonic  probe, and a e r o s h e l l  b a t t e r i e s ) ,  and t o  provide  command 
c o n t r o l  of t h e  capsu le  subsystems be fo re  s e p a r a t i o n  o f  t h e  cap- 
s u l e .  
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APPENDIX D 

This  appendix p r e s e n t s  a concep tua l  des ign  of a TV d rop  
sonde concept  f o r  use  w i t h  t h e  BVS. The f e a s i b i l i t y  of imaging 
i n  t h e  c louds  o r  dense atmosphere of Venus depends n o t  o n l y  on 
system des ign  c o n s i d e r a t i o n s ,  bu t  a l s o  on t h e  q u e s t i o n  of l i g h t  
l e v e l s  and degree  of d i f f u s i o n  i n  t h e  atmosphere. 

The concept  proposed i s  based on housing a TV camera i n  a 
drop sonde t o  be c a r r i e d  i n  t h e  BVS. P i c t u r e s  can  be  taken  from 
t h e  BVS (a t  about  60 km a l t i t u d e )  and/or  taken  du r ing  descen t .  
A s  i l l u s t r a t e d  i n  f i g u r e  D1, t h e  sonde would be  about  6-1/2 i n .  
i n  diameter and 2 f t  long ,  c o n t a i n i n g  a t e l e v i s i o n  camera, i t s  
e l e c t r o n i c s ,  power and d a t a  t r ansmiss ion  equipment, and atmos- 
phe r i c  p r e s s u r e  and tempera ture  senso r s .  The TV camera looks 
forward through an  o p t i c a l l y  c l e a r  q u a r t z  window l o c a t e d  sym- 
m e t r i c a l l y  i n  t h e  nose s e c t i o n .  Three p r e s s u r e  s e n s o r s  a re  
e q u a l l y  spaced around t h e  body toward t h e  a f t  end i n  t h e  r e g i o n  
of s t a b l e  s t a t i c  p re s su re .  A weight a l l o c a t i o n  i s  given i n  
t a b l e  D1. 

TABLE D 1 . -  TV SONDE WEIGHT STATEMENT 

I t e m  

TV camera 

TV e l e c t r o n i c s  

B a t t e r y  pack 

T r a n s m i t t e r ,  2 o s c i l l a t o r s  

Antenna 

Window 

S t r u c t u r e  (body s h e l l  and 
e quipmen t moun t i n  g and 
thermal c o n t r o l )  

T o t a l  

J e igh t ,  l b  

5.0 

10.0 

2.2 

.5 

.4 

. 3  

12.0 

30.4 
- 
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A P P E N D I X  D 

SYMBOLS 

A 

B min 

EO 

FL 

fL  

f f d  

I 

S 

te 

TT 

Ok 
9f 

'i 

Tv 

v i s u a l  a lbedo  

minimum d e t e c t a b l e  b r i g h t n e s s ,  foo t - lamber ts  

v i d i c o n  tube  s e n s i t i v i t y ,  foo t - cand le  seconds 

r e l a t i v e  a p e r t u r e  

s o l a r  c o n s t a n t ,  lumens/cm2 

f o c a l  l eng th  of Tv camera l e n s ,  cm 

i l l u m i n a t i o n ,  foo t - lamber ts  

smear rate,  degrees/second 

exposure t i m e ,  seconds 

t r ansmiss ion  of t h e  l e n s  

t e l e v  i s  ion  

camera angular  r e s o l u t i o n ,  r a d i a n s  

ha l f - ang le  of f i e l d  of view f o r  TV camera, degrees-  

i nc idence  a n g l e  of s u n l i g h t ,  degrees  

M I  S S I O N  PROFILE 

The a l t i t u d e f t i m e  h i s t o r y  of t h e  TV drop sonde i s  shown i n  
f i g u r e  D 2  from t h e  BVS f l o a t  a l t i t u d e  t o  t h e  s u r f a c e  (6050 km 
r a d i u s )  f o r  t h e  upper and lower model atmospheres.  The sonde, 
which has a b a l l i s t i c  c o e f f i c i e n t  of 5.0 s l u g / f t 2 ,  i s  dropped 
wi th  an i n i t i a l  v e r t i c a l  v e l o c i t y  of z e r o  from t h e  BVS f l o a t  
a l t i t u d e  of 58 km (190 000 f t ) .  The e f f e c t  on descent  t i m e  of 
atmosphere model v a r i a t i o n  between upper and lower models i s  
seen t o  be  ve ry  s m a l l .  A t o t a l  of 2000 sec t o  t h e  s u r f a c e  i s  
r e q u i r e d  f o r  t h e  upper atmosphere. Mach number remains below 
0.3 du r ing  t h e  e n t i r e  drop. 
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Time from drop, sec 

F i g u r e  D2.- Al t i tude lT ime  His tory  of  TV Drop Sonde 
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Imaging beg ins  a t  an  a l t i t u d e  of approximate ly  20 km w i t h  the 
camera. Th i s  i s  followed by t r ansmiss ion  of the image d a t a ,  then  
e r a s u r e  of t h e  image, and exposure  f o r  t h e  n e x t  image. I n  a l l ,  
fou r  images are  taken  and t r a n s m i t t e d  w i t h  t empera ture  and p res -  
s u r e  d a t a  i n j e c t e d  i n t o  t h e  d i g i t a l  d a t a  stream. 

Temperature and p r e s s u r e  d a t a  are s t o r e d  du r ing  t h e  f i r s t  18 
minutes and t r a n s m i t t e d  be fo re  t h e  f i r s t  image. 

SCIENCE SYBSYSTEM 

The s c i e n c e  subsystem c o n s i s t s  of a TV camera and o p t i c s ,  
p r e s s u r e  s e n s o r s ,  and a tempera ture  senso r .  The purpose of t h e  
TV camera i s  t o  o b t a i n  v i s u a l  images of t h e  s u r f a c e  on t h e  nea r  
s u r f a c e  environment. A t  l eas t  f o u r  p i c t u r e s  are d e s i r e d  s t a r t i n g  
a t  about 20 km a l t i t u d e .  

S t a t i c  p r e s s u r e  senso r s  and a tempera ture  senso r  are  inc luded ,  
bo th  t o  measure t h e  p r o f i l e s  and t o  provide  an a l t i t u d e  r e f e r e n c e  
(barometr ic )  f o r  t h e  TV p i c t u r e s .  

F i g u r e  D 3  shows a t y p i c a l  arrangement f o r  a TV camera and 
o p t i c s .  Some of t h e  mounting s t r u c t u r e  i s  supe r f luous  f o r  use  
on a drop sonde and is  e s t ima ted  t o  weigh about  5 l b .  The a s s o -  
c i a t e d  e l e c t r o n i c s  (no t  i nc lud ing  t r a n s m i t t e r )  weigh about  8 t o  
10 l b ,  f o r  a t o t a l  of about  15  l b .  Power requi rements  a re  2.5 W 
f o r  t h e  camera and 12.5 W f o r  t h e  e l e c t r o n i c s .  

For purposes of s i z i n g  t h e  camera and o p t i c s ,  a r e s o l u t i o n  of 
10 m/TV l i n e  i n  t h e  l a s t  p i c t u r e  (taken a t  about  16 400 f t  o r  5 
km) was s e l e c t e d .  The image format on a 1 - in .  v i d i c o n  is  1.12x1.12 
cm. The angu la r  r e s o l u t i o n  ( f o r  10 m a t  5 km) i s  

92 

and t h e  f o c a l  l eng th  

The f i e l d  of view i s  

10 m 
5 x lo3 m - - 2.0 x r a d  

i s  

- 2.8 c m  - 
f L - Z O O -  

then g iven  by 
a 

o r  8 = 22.6'. The l e n s  d iameter ,  assuming an  f-number of I, i s  

then  2.8 c m .  
f 

99 



APPENDIX D , - 

M 
C 
.I4 
bo 
m 
E 
H 

I 

m 

a, 
b 
5 
M 
.I4 
Fa 

n 

100 



APPENDIX D 

With a 5-msec exposure t ime, t h e  a l lowab le  smear ra te  from 
a l l  sources  ( f o r  1 / 2  Tv l i n e  smear) i s  

= 1/5 rad / sec  = 11.5"/sec 

The image smear depends on t h e  a l t i t u d e ,  h o r i z o n t a l  and v e r t i -  
c a l  v e l o c i t y ,  and p i t c h  and r o l l  ra tes .  Smear due t o  h o r i z o n t a l  
and v e r t i c a l  v e l o c i t i e s  i s  n e g l i g i b l e  (5 O.G"/s'ec) ; smear rates 
due t o  p i t c h  and r o l l  are shown i n  f i g u r e  D4. Because t h e  p i t c h  
r a t e  depends on t h e  wind gus t ing  t h a t  i s  unpred ic t ab le ,  t h e  r o l l  
r a t e  should  be kept  as low as p o s s i b l e ,  (below 1°/sec). This  
would then l eave  a comfor tab le  margin of about  5 ' /sec f o r  t h e  
a l lowab le  p i t c h  rate b e f o r e  image smear becomes n o t i c e a b l e .  - 

The major problem i n  t h e  design of a camera system f o r  t h i s  
a p p l i c a t i o n  i s  t h e  u n c e r t a i n t y  i n  t h e  l i g h t  l e v e l s .  For  t h i s  
reason  an SEC v id icon  tube wi th  a v a r i a b l e  i r i s  c o n t r o l  i s  sug- 
ges ted .  I r i s  c o n t r o l  from f / d  = 1 t o  20 would g i v e  a range of 
minimum d e t e c t a b l e  b r i g h t n e s s e s  from 0.1 t o  40 f t -L .  A b r i g h t -  
nes s  sensor  wi th  a l a r g e  dynamic range (+3 decades)  i s  r e q u i r e d  
t o  c o n t r o l  t he  i r i s .  

The p r o b a b i l i t y  of o b t a i n i n g  images by us ing  a TV camera de- 
pends-on t h e  l i g h t  l e v e l ,  t he  c o l o r  of t h e  l i g h t ,  t h e  r a t i o  of 
t h e  s i g n a l  t o  no i se  ( t h e  r a t i o  between t h e  i n t e n s i t y  of l i g h t  
r e f l e c t e d  o r  emi t t ed  by t h e  o b j e c t s  i n  t h e  f i e l d  of view t o  t h e  
i n t e n s i t y  of l i g h t  backsca t t e red  by t h e  i n t e r v e n i n g  atmosphere) ,  
and t h e  amount of d i s t o r t i o n  ( r e f r a c t i o n )  of t h e  s i g n a l  by t h e  
media (atmosphere) between t h e  o b j e c t  and camera. C a l c u l a t i o n s ,  
based upon Rayle igh  and M i e  s c a t t e r i n g  i n  a 100-atm-surface- 
p r e s s u r e  atmospheric  model, of t h e  o p t i c a l  t h i ckness  of t h e  Venus 
molecular  ( c l e a r )  atmosphere and s e v e r a l  Venus c loud  models i n -  
d i c a t e  t h a t  5 t o  1% of t h e  i n c i d e n t  l i g h t  a t  Venus may p e n e t r a t e  
t o  t h e  s u r f a c e .  These c a l c u l a t i o n s  a l s o  i n d i c a t e  t h a t  t h e  l i g h t  
reaching  t h e  s u r f a c e  i s  completely d i f f u s e  (no shadows w i l l  e x i s t )  
and i s  orange-red i n  c o l o r .  

The s i g n a l - t o - n o i s e  r a t i o  has been shown t o  be s u f f i c i e n t l y  
l a r g e  over s e v e r a l  k i lome te r s  of viewing d i s t a n c e  t o  enab le  
imaging. Depending on atmospheric  motion, r e f r a c t i o n  of l i g h t  
by t h e  Venus atmosphere may r e s u l t  i n  d i s t o r t i o n .  But, over  
s e v e r a l  k i lome te r s  of viewing d i s t a n c e  ( e s p e c i a l l y  a t  h igh  a l t i -  
t u d e s ) ,  d i s t o r t i o n  may be i n s i g n i f i c a n t .  
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TELECOMMUNICATIONS 

Telecommunications f u n c t i o n s  f o r  a TV drop  sonde c o n s i s t  of 
provid ing  a t e l e m e t r y  and d a t a  subsystem t o  i n t e r f a c e  w i t h  
s c i e n c e  s e n s o r s  and t r a n s m i t  t h e  accumulated d a t a  t o  t h e  BVS. 

The sonde w i l l  t a k e  fou r  images i n  t h e  l as t  18 minutes of 
f a l l ,  a t  approximate ly  250 k b i t s  p e r  p i c t u r e .  The TV imaging 
t u b e  w i l l  r e t a i n  t h e  image so  t h a t  i t  may b e  t r a n s m i t t e d  d i r e c t -  
l y  wi thout  s t o r i n g  t h e  p i c t u r e  d a t a  i n  a n  e x t e r n a l  s t o r e .  P r e s -  
s u r e  and tempera ture  measurement d a t a  w i l l  b e  i n s e r t e d  i n  t h e  
d a t a  stream a t  t h e  end of each  l i n e  of t h e  p i c t u r e  du r ing  t h e  
minimum d a t a  t r ansmiss ion  r a t e ,  which i s  approximate ly  1024 bps 
f o r  t r a n s m i t t i n g  fou r  images i n  t h e  last 18 minutes of f a l l ,  

A t y p i c a l  b lock  diagram f o r  a sonde telecommunications sub- 
system i s  shown i n  f i g u r e  D5. The t r a n s m i t t e r  i s  of s o l i d - s t a t e  
des ign  and o p e r a t e s  con t inuous ly  a t  an ou tpu t  of 355 mW and a 
frequency of 1500 MHz. Modulation i s  f requency  s h i f t  key (FSK), 
wi th  a s p l i t  phase s i g n a l  a t  1024 bps. The an tenna  i s  a c i r c u -  
l a r l y  p o l a r i z e d  curved d i p o l e  i n t e g r a l  w i t h  t h e  a f t  end of t h e  
sonde so t h a t  t h e  antenna elements a re  f l u s h .  The an tenna  h a l f  
power beam width i s  72", w i t h  an  "on" axis ga in  of 8 dB. 

The d a t a  subsystem c o n s i s t s  of a m u l t i v e r t e r  t h a t  i n t e r f a c e s  
w i t h  t h e  camera e l e c t r o n i c s  and w i t h  t h e  p r e s s u r e  and tempera ture  
in s t rumen t s .  The frame sync gene ra t ion  t iming  and a l l  p i c t u r e  
p rocess ing  are accomplished by t h e  camera e l e c t r o n i c s ,  which is 
p a r t  of t h e  s c i e n c e  subsystem. 

Performance f o r  t h e  sonde t o  BVS t e l e m e t r y  l i n k  i s  shown i n  
t a b l e  D2. Antenna p o i n t i n g  loss  of 6 dB f o r  bo th  r e c e i v e  and 
t r a n s m i t  an tenna  i s  shown t o  a l low f o r  d r i f t  of t h e  sonde w i t h  
r e s p e c t  t o  t h e  s t a t i o n  f o r  wors t -case  r ange  and antenna a s p e c t  
ang le .  A m a x i m u m  frequency u n c e r t a i n t y  of 60 kHz i n c l u d i n g  
doppler has  been assumed r e q u i r i n g  a p r e d e t e c t i o n  f i l t e r  band- 
wid th  of 64 kHz. 

The 355 mW t r a n s m i t t e r  power provides  a margin a l lowance  
f o r  4 dB m u l t i p a t h  and 3.5 dB of  adve r se  t o l e r a n c e s .  The 4-dB 
mu 1 ti  pa th  a 1 lowanc e can be  c ons i d e r e d  ex t remely  c o n s e r v a t i v e  
because 1 dB i s  more l i k e l y  t o  be  t h e  case. 
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TABLE D2. -  DROP SONDE LINK CALCULATIONS, FSK 
MODULATION (1024 BPS) 

Atmospheric a t t e n u a t i o n  

Transmi t t e r  c i r c u i t  loss 

Transmi t t e r  an tenna  ga in  

Transmi t t e r  an tenna  p o i n t i n g  lo s s  

Space loss  1500 MHz, 100 km 

Receiv ing  an tenna  g a i n  

Rece iv ing  an tenna  p o i n t i n g  loss 

Rece iv ing  c i r c u i t  loss 

N e t  loss 

Rece iver  n o i s e  s p e c t r a l  d e n s i t y  

Channel f i l t e r  bandwidth (64 kHz) 

Channel n o i s e  power 

Required i n p u t  s i g n a l  t o  n o i s e  f o r  
(TW = 64 000/1024 = 62.4) 

Mul t ipa th  margin 

Adverse t o l e r a n c e  sum 

Required r e c e i v e  power 

Requi red  t r a n s m i t t e r  power 

= 10-3 e 
‘b 

-1.0 

-1.0 

+% .O 

-6 .O 

-136.3 

+% .O 

-6.0 

-1.0 

-135.3 dB 

-165.0 dBm 

48.1 dB 

-116.9 dBm 

-.4 dB 

+4.0 dB 

+3.5 dB 

-109.8 dBm 

+25.5 dBm 

355 mW 

EFFECT ON BVS AND SPACECRAFT DESIGN FOR ORBITAL MISSION 

P r e s e n t l y  t h e  d a t a  accumulation rates f o r  t h e  b a s e l i n e  (no 
TV drop sonde) BVS are r e l a t i v e l y  low, and p e r m i t  t h e  use  of 
s o l i d - s t a t e  memories and a d a t a  t r ansmiss ion  ra te  of 240 bps f o r  
10 minutes f o r  t h e  BVS-to-spacecraft t e l e m e t r y  l i n k .  

The s t o r a g e  c a p a c i t y  r e q u i r e d  f o r  t h e  BVS t o  s t o r e  t h e  1% 
minutes of d a t a  a t  a t r ansmiss ion  rate of 1024 bps i s  a minimum 
of 1 106 000 b i t s  as compared t o  about  36 000 b i t s  of s t o r a g e  
r e q u i r e d  f o r  t h e  b a s e l i n e  BVS. This  can  b e  accomplished w i t h  a 
magnetic t a p e  machine w i t h  an e s t ima ted  weight of 8 l b .  
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The i n c r e a s e  i n  t h e  number of b i t s  of d a t a  t o  b e  r e l a y e d  t o  
t h e  s p a c e c r a f t  makes i t  necessa ry  t o  i n c r e a s e  the BVS-to-space- 
c r a f t  d a t a  t r ansmiss ion  rate. F i g u r e  D 6  shows both  t h e  number 
of b i t s  t o  be  t r a n s m i t t e d  f o r  a given number of p i c t u r e s  and t h e  
d a t a  rate r e q u i r e d  f o r  a given t r ansmiss ion  per iod .  For  example, 
a t  240 bps ( t h e  b a s e l i n e  rate), i t  r e q u i r e s  between 20 and 30 
minutes t o  t r a n s m i t  t h e  s t a t i o n  d a t a  i n c l u d i n g  one p i c t u r e .  The 
r a t e  must exceed 450 bps t o  accomplish the same i n  1 2  minutes .  
To t r a n s m i t  t h e  b a s i c  s c i e n c e  d a t a  p lus  fou r  TV p i c t u r e s  t o  t h e  
s p a c e c r a f t  i n  12 minutes,  t h e  ra te  from the t o p  c u r v e  of f i g u r e  
D 6  i s  more than 1500 bps. 

F i g u r e  D 7  shows t h e  a t t a i n a b l e  b i t  rates f o r  v a r i o u s  com- 
b i n a t i o n s  of communication range  and sum, i n  dBw, of t r a n s m i t t e r  
power and an tenna  ga ins  less a m u l t i p a t h  allowance u s i n g  non- 
cohe ren t  FSK. The example i l l u s t r a t e d  i s  a p p r o p r i a t e  f o r  many 
s t a t i o n  l o c a t i o n s  wi th  a m a x i m u m  r ange  of 15 000 km. Under t h o s e  
c o n d i t i o n s ,  a r a t e  of 480 bps may be. t h e  maximum that  t h e  base-  
l i n e  system should  handle .  
12-minute pe r iod .  A s  t h e  ra te  i s  i n c r e a s e d  wi thout  i n c r e a s i n g  
t r a n s m i t t e r  power o r  changing t o  a more e f f i c i e n t  modulation 
scheme, t h e  p o s s i b i l i t y  of a d r a s t i c a l l y  i n c r e a s e d  d a t a  e r r o r  
r a t e  due t o  t h e  s t a t i o n  d r i f t i n g  t o  an un favorab le  l o c a t i o n  i s  
inc reased .  

Th i s  would y i e l d  one p i c t u r e  i n  a 

Use of cohe ren t  phase s h i f t  key modulation w i t h  t h e  same 20 W 
of r f  power and t h e  same antennas  y i e l d  t h e  r e s u l t s  shown i n  
f i g u r e  D 8 .  A 5-dB improvement i s  r e a l i z e d  over t h a t  of the non- 
cohe ren t  FSK approach, and, from t h e  15 000-km curve  of f i g u r e  
D 8 ,  it can  be seen t h a t  t h e  ra te  can b e  i n c r e a s e d  t o  1500 bps 

* o r  g r e a t e r .  This r a t e  can  accommodate t h e  t r ansmiss ion  of fou r  
images i n  1 2  minutes o r  less,  which w i l l  a l l ow r e l a y  of t h e  
p i c t u r e s  du r ing  t h e  f i r s t  encounter a f t e r  s t a t i o n  deployment. 
For subsequent communications passes, t h e  d a t a  ra te  cou ld  b e  re- 
duced i f  d e s i r e d  t o  provide  communications under more adve r se  
c o n d i t i o n s .  

The e f f e c t  on s p a c e c r a f t  des ign  i s  t o  r e q u i r e  a d d i t i o n a l  
d a t a  s t o r a g e  c a p a c i t y  t o  accommodate t h e  TV p i c t u r e  da t a .  Ad- 
d i t i o n a l  t i m e  w i l l  have t o  b e  a l l o t t e d  i n  t h e  s p a c e c r a f t - t o -  
Ea r th  t r ansmiss ion  schedules  f o r  r e l a y  of t h e  a d d i t i o n a l  d a t a .  
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F i g u r e  D6. -  B i t  R a t e  Required vs Number of Images t o  be Transmi t ted  for 
Various Transmiss ion  P e r i o d s  
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20-W t r a n s m i t t e r  
5-dB combined antenna g a i n  
3-dB mul t ipa th  allowance 

images, 12 min 

image, 6 min 

images, 30 min 

image, 1 2  min 

images, 30 min 

image, 30 min 

T r a n s m i t t e r  power x SIC antenna g a i n  x BVS antenna g a i n ,  
dBW ( f o r  frequency o f  390 MHz) 

- Note: 1. -3.7 dB adve r se  t o l e r a n c e  has  been inc luded .  
2 .  Mul t ipa th  margin must be  accounted f o r .  Example shown reduces  ga in  

by 3 dB t o  account f o r  mul t ipa th  allowance; i .e . ,  20-W t r a n s m i t t e r  
and 5-dB antenna g a i n  g ives  18 dBW minus 1 dB m u l t i p a t h  = 17 dBW. 

F igu re  D8 . -  T r a n s m i t t e r  Power Antenna Gain Product  v s  B i t  Ra te  f o r  Various 
Communications Ranges Using Coherent Phase S h i f t  Key Modulation 
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EFFECT ON BVS DESIGN WITH A DIRECT EARTH LINK 

For d i r e c t  E a r t h  l i n k  t r ansmiss ions  such  as used f o r  t h e  
Venus f l y b y  and t h e  Venus/Mercury f l y b y ,  b a s e l i n e  d a t a  rates of 
30 and 120 bps ,  r e s p e c t i v e l y ,  are used. A t  t h e s e  rates i t  would 
r e q u i r e  2 .3  and 0.75 h r  of cont inuous  t r ansmiss ion  t o  send s c i e n c e  
p lus  one TV p i c t u r e  t o  Ear th .  Use of cod ing  cou ld  reduce  t h e  re- 
qu i r ed  t r ansmiss ion  pe r iod  t o  about  1.4 and 0.45 h r ,  r e s p e c t i v e l y ,  
which b r i n g s  t h e  pe r iod  f o r  one t r ansmiss ion  f o r  t h e  Venus/Mercury 
miss ion  w i t h i n  range  of t h e  p r e s e n t  s t o r e d  e l e c t r i c a l  energy a l -  
l o c a t i o n  b u t  t h e  t r ansmiss ion  pe r iod  f o r  t h e  Venus f l y b y  mis s ion  
would remain a problem. 

I n c r e a s e d  BVS antenna  ga in  i n  t h e  form of l i g h t w e i g h t  switch- 
a b l e  a r r a y s  i n t e g r a t e d  i n t o  t h e  ba l loon  des ign  may b e  t h e  answer 
o r  dependence on s o l a r  energy t o  provide  t h e  a d d i t i o n a l  energy  
f o r  t h e  f l y b y  miss ion .  

STRUCTURE AND THERMAL CONTROL 

The concept  s e l e c t e d  makes t h e  sonde body a h e r m e t i c a l l y  
s e a l e d  c o n t a i n e r  t h a t  i s  evacuated. The body s t r u c t u r e  must 
t h e r e f o r e  wi ths t and  t h e  ove rp res su re  of 100 a t m  a t  t h e  p l a n e t  
s u r f a c e .  The vacuum i n t e r i o r  permi ts  u se  of r a d i a t i o n  s h i e l d s  
i n t e r l i n i n g  t h e  s h e l l  f o r  thermal  c o n t r o l  as w e l l  as mounting 
t h e  p r e s s u r e  senso r s  i n t o  t h e  body s h e l l  and ach iev ing  a d i r e c t  
ambient p r e s s u r e  measurement . 

A minimum volume body of r easonab le  length- to-d iameter  pro- 
p o r t i o n s  i s  provided t h a t  can  package t h e  TV camera and equip-  
ment. Because t h e s e  weight and aerodynamic c h a r a c t e r i s t i c s  do 
n o t  ach ieve  t h e  d e s i r e d  b a l l i s t i c  c o e f f i c i e n t ,  an  aerodynamic 
f l a r e  i s  provided a t  t h e  base .  The f l a r e  a l s o  provides  good 
d i r e c t i o n a l  s t a b i l i t y  dur ing  descen t .  

The sonde body s t r u c t u r e  i s  made up of a series of i n t e g r a l l y  
machined r i n g - s t i f f e n e d  c y l i n d r i c a l  segments. Threaded j o i n t s  
are employed a t  t h e  main body assembly j o i n t s  t o  f a c i l i t a t e  
assembly, s e a l i n g ,  and i n s t a l l a t i o n  of equipment. 
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Two components i n  t h e  drop sonde have low o p e r a t i n g  temperature  
l i m i t s ;  t h e  b a t t e r y  has a d e s i r e d  l i m i t  of 90"F, and t h e  TV cam- 
era has  a l i m i t  of 105°F. The maximum temperature  of t h e  drop 
sonde b e f o r e  release i s  95"F, because t h e  l o c a l  atmosphere c a n  
b e  93°F maximum. Cooling t h e  b a t t e r i e s  below l o c a l  ambient i s  
c o s t l y  i n  weight  and power, t hus  i t  i s  d e s i r a b l e  t o  t a k e  t h e  
l o s s  i n  b a t t e r y  e f f i c i e n c y .  To l i m i t  t h e  temperature  of t h e  
b a t t e r y  and TV camera a phase change material  t h a t  has  a m e l t i n g  
p o i n t  above t h e  m a x i m u m  sonde f l o a t  tempera ture  of 95°F must b e  
used. Eicosane,  a p a r a f i n ,  w i t h  a m e l t i n g  p o i n t  of 98°F and a 
h e a t  of  f u s i o n  of 108 Btu / lb ,  w a s  s e l e c t e d .  

Three b a s i c  methods of thermal  c o n t r o l  w e r e  c o n s i d e r e d  i n  
l i m i t i n g  t h e  tempera ture  r ise of t h e  sonde components d u r i n g  t h e  
33.3-minute descent  t o  a s u r f a c e  atmosphere temperature  of  931°F. 
Temperature of t h e  probe s h e l l  was cons idered  t o  fo l low t h e  l o c a l  
atmosphere temperature .  

One method cons idered  w a s  a vented  probe. To c o o l  t h e  h o t  
e n t e r i n g  atmosphere,  a h e a t  exchanger w i t h  phase change material  
a c t i n g  as a h e a t  s i n k  i s  used. 
s u r e  e l i m i n a t e s  t h e  u s e  of b o i l i n g  water o r  ammonia as a h e a t  
s i n k .  The optimum thermal  c o n t r o l  system weight  f o r  t h e  v e n t e d  
probe i s  8.9 l b .  Phase change material w i t h  packaging w i l l  weigh 
7.5 lb  and high-temperature  f i b r o u s  i n s u l a t i o n  w i l l  weigh 1.4 l b .  
The i n s u l a t i o n ,  1 - in .  t h i c k ,  i s  on t h e  i n s i d e  of t h e  c o n t a i n e r  
w a l l .  

The h i g h  expected atmosphere p r e s -  

A second method of c o n t r o l  cons idered  a s e a l e d  probe b u t  w i t h  
a gas t o  e l i m i n a t e  e l e c t r i c a l  a r c i n g  a t  low p r e s s u r e .  Low pres-  
s u r e  could r e s u l t  from outgass ing  of material w i t h  an evacuated 
probe. This  system i s  similar t o  t h e  above system except  4.5 
l b  f o r  h e a t  exchanger and phase change material are n o t  r e q u i r e d .  
The system weight has 1.4 l b  of f i b r o u s  i n s u l a t i o n  and 3 . 0  l b  of 
phase change material w i t h  packaging. 

A t h i r d  method (which w a s  s e l e c t e d )  h a s  a n  evacuated  s e a l e d  
c o n t a i n e r  w i t h  r a d i a t i o n  s h i e l d s  and phase change material. A 
l i g h t w e i g h t  r a d i a t i o n  s h i e l d  i s  a t t a c h e d  t o  t h e  i n s i d e  of t h e  
s h e l l .  With 1.3 l b  of phase change material, t h e  t o t a l  thermal  
c o n t r o l  system weight i s  1.5 l b .  
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The s t a t emen t  of  work s p e c i f i e d  t h a t  a d u a l - a l t i t u d e  miss ion  
be i n v e s t i g a t e d .  The d u a l - a l t i t u d e  concept  imp l i e s  t h a t  some dura-  
t i o n  of t h e  miss ion  be performed a t  an  i n i t i a l  s e l e c t e d  a l t i t u d e  
and t h e  remainder of the miss ion  a t  a d i f f e r e n t  a l t i t u d e .  The 
175- lb  gondola w a s  used f o r  s i z i n g  t h e  v a r i o u s  concepts .  

B a s i c a l l y ,  t h e  concept  s t u d i e d  c o n s i s t e d  of  i n i t i a l  deployment 
a t  a n  a l t i t u d e  r a d i u s  of  6125 km, which i s  above t h e  c louds ,  and 
a second f l o a t  a l t i t u d e  r a d i u s  o f  6108 km. Th i s  change i n  a l t i -  
t ude  i s  accomplished by r e l i e v i n g  t h e  hydrogen gas supe rp res su re  
and pumping atmospheric  g a s  i n t o  the  b a l l o o n  main ta in ing  super-  
p r e s s u r e  a t  t h e  two a l t i t u d e s .  The pumping i s  accomplished w i t h  
a small fan- type  blower t h a t  pumps a g a i n s t  t h e  supe rp res su re .  
The blower power i s  suppl ied  by e i t h e r  a s o l a r  a r r a y  o r  b a t t e r i e s ;  
t h e  b a t t e r y  power concept i s  a s i g n i f i c a n t l y  h e a v i e r  system. 

A second method s t u d i e d  al lowed t h e  ba l loon  t o  become a zero-  
p re s su re  ba l loon  by dumping t h e  hydrogen g a s  supe rp res su re ,  caus- 
i ng  t h e  ba l loon  t o  descend u n t i l  a small amount of  makeup g a s  i s  
dumped i n t o  the  ba l loon  a t  6108 km, which a l lows  t h e  b a l l o o n  t o  
be n e u t r a l l y  buoyant a t  t h a t  a l t i t u d e .  

A t h i r d  method invo lves  t h e  slow, c o n t r o l l e d  i n f l a t i o n  of  the 
ba l loon  t a k i n g  p l a c e  over t h e  a l t i t u d e  range  of from 6125 t o  
6108 km. Th i s  produces a descen t  t i m e  o f  under 1 h r .  

A r eve r sed  miss ion ,  d u a l - a l t i t u d e  ba l loon ,  was analyzed,  
wherein t h e  ba l loon  ( s t a t i o n )  i s  i n f l a t e d  a t  6108 km, as i n  the 
b a s e l i n e  BVS, bu t  w i th  a l a r g e r  supe rp res su re  ba l loon  enveloping 
(but  c o l l a p s e d  over)  t h e  i n f l a t e d  1 8 - f t  d iameter  b a l l o o n .  When 
t h e  gas  i s  r e l e a s e d  i n t o  t h e  l a r g e r  ba l loon ,  i t  causes  t h e  system 
t o  r i s e  t o  6125 km wi th  t h e  l a r g e r ,  supe rp res su re  b a l l o o n .  

Except f o r  t he  slow, c o n t r o l l e d  i n f l a t i o n  method, which re- 
mains a 400-lb s t a t i o n ,  a l l  o f  t h e  above concepts  appear  f e a s i b l e ,  
b u t  r e s u l t  i n  i nc reased  s t a t i o n  we igh t s  of  500 t o  900 l b .  
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DUAL-ALTITUDE MISSION DESIGN CRITERIA 

The fo l lowing  c r i t e r i a  were used f o r  t he  d u a l - a l t i t u d e  con- 
cep t s :  

1) Mean atmosphere (90% CO,); 

2)  I n i t i a l  f l o a t  r a d i u s  of  6125 km, 

P = 30.25 mb (0.439 p s i a )  , 

T = -35.7" F (424OR), 

= 0.004 l b / f t 3 ,  

a 

a 

'a 

M = 42.41. 
a 

- 

3) I n i t i a l  supe rp res su re  of 6 mb; 

4) F i n a l  f l o a t  r a d i u s  f o r  supe rp res su re  ba l loon  of 6108 
km, except  f o r  s o l a r  c e l l  power opera ted  pump conf ig-  
u r a t i o n  t h a t  w i l l  f l o a t  a t  r a d i u s  determined by power 
l i m i t a t i o n  of s o l a r  c e l l s ;  

A 175-lb gondola w i l l  be used; 5) 
6) The fo l lowing  c o n f i g u r a t i o n s  w i l l  be ana lyzed ,  

a )  Superpressure throughout  miss ion  w i t h  b a t t e r y  

b)  Superpressure throughout  miss ion  w i t h  s o l a r  c e l l  

c)  Superpressure i n i t i a l l y  and then  ze ro  p re s su re  f o r  

d) Superpressure throughout  miss ion  w i t h  c o n t r o l l e d  

powered pump, 

powered pump, 

i n  the  c louds  mission,  

i n f l a t i o n  t ak ing  p l ace  from 6125 t o  6108 km. The 
parachute  would be r e l e a s e d  a t  6125 km, and t h e  
i n f l a t i o n  module r e l e a s e d  a t  6108 km, 

e )  Reversed miss ion  approach,  deploying a t  6108 km 
and r i s i n g  t o  6125 km. 
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CONFIGURATION DESCRIPTION AND OPERATION 

The b a s e l i n e  s i n g l e  a l t i t u d e  c o n f i g u r a t i o n  i s  shown f o r  com- 
p a r i s o n  wi th  t h e  d u a l - a l t i t u d e  concepts .  T h i s  c o n f i g u r a t i o n  i s  
deployed near  and s t a b i l i z e s  a t  a f l o a t  r a d i u s  of  6108 km. The 
b a s e l i n e  concept  does not  i nc lude  makeup gas. The b a s e l i n e  con- 
c e p t  ba l loon  s k i n  was designed t o  a f i l m  s t r e s s  of 3600 p s i  a t  a 
supe rp res su re  of  6 mb. Although Mylar can be s t r e s s e d  t o  10 000 
t o  1 2  000 p s i ,  s a f e t y  margins  were s e l e c t e d  t h a t  r e s u l t e d  i n  t h e  
3600-psi stress l i m i t .  However, f o r  t he  d u a l - a l t i t u d e  conf igura-  
t i o n s ,  t h e  h igh  a l t i t u d e  c o n d i t i o n s  r e s u l t  i n  v e r y  s e n s i t i v e  weight  
v a r i a t i o n s  w i t h  a l lowab le  stress. R e s u l t s  of  a parametric t r ade -  
o f f  o f  ba l loon  des ign  v s  a l lowab le  stress a re  shown i n  f i g u r e s  E l  
and E2. 

Bal loon weight  i s :  

WB = A t  p = n D 2 t  p 

where 

A = ba l loon  area, f t 2 ;  

t = ba l loon  s k i n  th i ckness ,  f t ;  

p = ba l loon  material  d e n s i t y ,  l b / f t 3 .  

Bal loon stress i s :  

PD o r  t = -  
PD 

0 = -  
4 t  4 0  

This  produces ba l loon  s k i n  d e n s i t y  based on ba l loon  volume: 
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Figure El,- Effect of Allowable Balloon Stress on Balloon Size 
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Figure E2.- Effect of Allowable Balloon Stress on Balloon Weight 
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and the  r equ i r ed  ba l loon  volume i s  r e l a t e d  t o  t h e  gondola weight  
d e n s i t i e s  by: 

ondola 
W 

- - 
vB 'Atm ' 'B - 'H, 

where 

'Atm = atmospheric  d e n s i t y ,  l b / f t 3 ,  

= buoyant gas  d e n s i t y ,  l b / f t 3 .  
'H, 

From f i g u r e s  E l  and E2, i t  can be seen  t h a t  t h e  system we igh t s ,  
and s p e c i f i c a l l y  t h e  ba l loon  weight ,  a r e  v e r y  s e n s i t i v e  t o  a l low-  
a b l e  s t r e s s ,  and a va lue  below 6000 p s i  r e s u l t s  i n  extreme system 
we igh t s .  The re fo re ,  a n  a l lowab le  stress of  6000 p s i  was s e l e c t e d  
as t h e  des ign  c r i t e r i o n  f o r  t h e  d u a l - a l t i t u d e  c o n f i g u r a t i o n s .  
T h i s  s t ress  i s  s t i l l  w e l l  under the yie.ld stress of  1 2  000 p s i ,  
b u t  r e s u l t s  i n  lower s a f e t y  f a c t o r s  t han  tha t  of the base1ir.e 
des ign .  

A dominant f a c t o r  i n  b a l l o o n  performance i s  t h e  b a l l o o n  g a s  
temperature  and i t s  r e l a t i o n  t o  t h e  atmospheric  tempera ture .  The 
e v a l u a t i o n  of t h i s  r e l a t i o n s h i p  f o r  t he  Venus atmosphere i s  shown 
i n  f i g u r e  E3. The tempera tures  are  f o r  a pure  hydrogen g a s  i n  
t h e  ba l loon ,  and t h e  e f f e c t  of c louds  i s  d e p i c t e d .  Below a r a d i u s  
of  6120 km, t h e  nominal atmosphere assumes c louds  e x i s t ;  however, 
t h e  tempera ture  w a s  c a l c u l a t e d  wi thou t  c louds  as  w e l l  because 
t h e r e  i s  t h e  p o s s i b i l i t y  of b reaks  i n  t h e  c loud  l a y e r .  

For  t h e  concepts  i n  which atmosphere i s  pumped i n t o  the b a l -  
loon t o  change f l o a t  a l t i t u d e ,  t h e  average  b a l l o o n  gas  tempera ture  
i s  shown i n  f i g u r e  E3. 
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CONCEPT DESCRIPTION AND OPERATION 

Conf igu ra t ions  A and B a r e  concep tua l ly  t h e  same excep t  f o r  
t h e  pump power source  -- b a t t e r i e s  i n  one case  and s o l a r  c e l l s  
i n  t h e  o t h e r ,  The sequence of  even t s  i s  a s  fo l lows :  

1) BVS descends t o  deployment a l t i t u d e  on parachute ;  

2)  Bal loon i s  deployed,  i n f l a t e d ,  and f l o a t s  a t  a r a d i u s  
of 6125 km. A 6-mb supe rp res su re  des igns  t h e  b a l l o o n  
a t  t h i s  cond i t ion ;  

3) To descend w i t h  a cons t an t  supe rp res su re  o f  6 mb, 
atmosphere i s  pumped i n  and H, gas i s  s imul taneous ly  
vented .  F igu re  E4 shows t h e  H, and atmosphere g a s  
mixture  r equ i r ed  t o  o b t a i n  e q u i l i b r i u m  f l o t a t i o n  a t  
eve ry  a l t i t u d e  du r ing  descen t .  Upon e n t e r i n g  t h e  
c louds ,  t he  temperature  drops  by  about  136OF, t h u s  
d r a s t i c a l l y  reducing  l i f t .  I n  a c t u a l  p r a c t i c e ,  t h e  
ba l loon  would be al lowed t o  descend r a p i d l y  through 
t h i s  a l t i t u d e  w i t h  no makeup H, because,  a t  a lower 
a l t i t u d e ,  l e s s  H, i s  r equ i r ed  t o  f i n a l l y  s t a b i l i z e ,  
A t  t h e  f i n a l  a l t i t u d e ,  t he  b a l l o o n  would have a m i x -  
t u r e  of  atmosphere and hydrogen a t  a supe rp res su re  o f  
6 mb and a molecular  weight  s l i g h t l y  lower than  t h e  
atmosphere,  f l o a t i n g  i n  a s t a b l e  mode. F igu re  E5 
shows a pump i n s t a l l a t i o n  f o r  t h e  ba l loon .  The blower 
i s  mounted t o  t h e  ba l loon  c a n i s t e r  w i t h  a shu to f f  
v a l v e  . 

The s i g n i f i c a n t  weight  p e n a l t y  f o r  Conf igu ra t ions  A and B 
(approximately 508 l b )  i s  due t o  the  requi rement  f o r  6-mb super-  
p re s su re ,  r e s u l t i n g  i n  a s i g n i f i c a n t  weight  of hydrogen g a s  and 
the l a r g e  b a l l o o n  (62.5-f t  d i ame te r ) .  

The pumping requirement  f o r  Conf igura t ion  A i s  85 f t3/min 
based on a 24-hr pe r iod  t h a t  a l l o w s  t h e  pumping t o  be completed 
w i t h i n  t h e  25-hr o r b i t a l  pe r iod .  A Rotron Manufactur ing Company, 
I n c .  PROPIMAX-2 tube ax ia l  f a n  (Model 36755)  w i l l  meet t h e  pump- 
i n g  requirement  w i t h  80  t o  100 f t3/min a g a i n s t  a 2.5-mb head a t  
35 W .  Th i s  r e s u l t s  i n  840 W-h o r  32.3 A-h f o r  power. The r e s u l t -  
i n g  s i l v e r - z i n c  b a t t e r y  weight  i s  30 l b ,  and t h e  pump and Rotron 
Batac power supply  (model B C 1 1 1 )  weight  abou t  1 l b .  

120 



APPENDIX E 

lo ooom I I I I I 

I Conf igu ra t ions  A and B 
Balloon volume = 128 018 f t 3  

6100 6110 6120 6130 

Radius , km 

30 

20 

10 

0 

P 
$4 

n 
m 
cd 
M 

c 
a, 
M 
0 
&I 

2 
w 
0 

5 
.rl 

s" 

Figure  E4.- Gas Mixtures  Required f o r  Equ i l ib r ium F l o a t  

12 1 



APPENDIX E 

m 4 

0 
-0 

0 
c, 
I 

m 

(u 

M .rl 

2 w 
W 

(u cn a 

I m 

122 



APPENDIX E 

I n  Conf igu ra t ion  C ,  r a t h e r  t han  pumping a tmospher ic  g a s e s  
i n t o  the  ba l loon  t o  dec rease  i t s  n e t  l i f t ,  ba l loon  g a s  i s  vented  
t o  s t a r t  t h e  descen t .  The b a l l o o n  i s  des igned  t o  become z e r o  
p re s su re  a t  lower a l t i t u d e s  so  i t  may be designed t o  a superpres-  
s u r e  o f  o n l y  2 mb a t  t h e  h i g h  a l t i t u d e  p rov id ing  a margin of 6.7% 
supe rp res su re  a t  des ign  a l t i t u d e .  The sequence of e v e n t s  i s  as  
fo l lows  : 

’ 

1) BVS descends t o  deployment a l t i t u d e  on parachute ,  i s  
deployed, i n f l a t e d ,  and s t a b l i z e s  a t  6125 km. A 2-mb 
supe rp res su re  d e s i g n s  t h e  ba l loon  a t  t h i s  c o n d i t i o n ;  

The hydrogen gas supe rp res su re  i s  p a r t i a l l y  vented  t o  
s tar t  descen t ;  

Bal loon descends t o  6108 km, and makeup gas i s  re-  
l ea sed  i n t o  t h e  ba l loon  t o  provide  equ i l ib r ium f l o t a -  
t i o n .  

2)  

3)  

This  system i s  n e u t r a l l y  s t a b l e  because of t h e  zero-pressure  
cond i t ion ,  b u t  w i l l  s lowly  d r i f t  up o r  down wi thou t  a n  ac t ive  con- 
t r o l  system t o  ma in ta in  a l t i t u d e .  T h i s  concept  r e s u l t s  i n  a 665- 
l b  BVS. 

Conf igu ra t ion  D provides  d u a l - a l t i t u d e  o p e r a t i o n  by a slow 
i n f l a t i o n  of t h e  ba l loon .  With t h e  b a s e l i n e  ba l loon ,  t h e  i n f l a -  
t i o n  r a t e  i s  c o n t r o l l e d  so t h a t  t h e  6-mb supe rp res su re  i s  no t  
exceeded du r ing  t h e  i n f l a t i o n  p rocess .  The b a l l o o n  becomes f u l l y  
extended s h o r t l y  a f t e r  pas s ing  the r a d i u s  a l t i t u d e  of 6125 km. 
I t s  descen t  ra te  i s  determined by t h e  ba lance  o f  g r a v i t y  and ae ro -  
dynamic d rag  a c t i n g  on t h e  ba l loon .  
a l t i t u d e  o f  t h e  ba l loon  as  a f u n c t i o n  o f  i n f l a t i o n  t i m e .  The t i m e  
r equ i r ed  f o r  t h e  ba l loon  t o  s i n k  from 6125 t o  6108 km i s  approxi -  
ma te ly  30 minutes  (1800 s e c ) .  These curves  were gene ra t ed  from 
a ba l loon  deployment dynamics program t h a t  does  n o t  cons ide r  s o l a r  
h e a t i n g  du r ing  t h e  i n f l a t i o n  p rocess ,  and t h e r e f o r e ,  a l lowed t h e  
ba l loon  t o  be i n f l a t e d  f a s t e r  t han  i t  would be i n  p r a c t i c e .  With 
a s lower i n f l a t i o n ,  t h e  e x t r a  weight  of  t h e  i n f l a t i o n  system must 
be c a r r i e d  longe r ,  r e s u l t i n g  i n  a s l i g h t l y  f a s t e r  descen t .  T h i s  
method can be accomplished w i t h  t h e  400-lb BVS. 

F igu re  E6 i n d i c a t e s  t h e  r a d i u s  

Conf igu ra t ion  E r e p r e s e n t s  a n a t u r a l  and s imple way t o  change 
a l t i t u d e  by r e v e r s i n g  t h e  a l t i t u d e  sequence and s t a r t i n g  a t  t h e  
low a l t i t u d e .  The concept  c o n s i s t s  o f  a b a l l o o n  i n s i d e ’ a  larger 
ba l loon .  The i n t e r n a l  ba l loon  i s  i n f l a t e d  i n i t i a l l y  a t  6108 km 
and f l o a t s  w i t h  a 6-mb supe rp res su re .  When change i n  a l t i t u d e  
i s  d e s i r e d ,  t h e  ba l loon  i s  ven ted  i n t o  t h e  l a r g e r  co l l apsed  b a l -  
loon  t h a t  i n f l a t e s ,  and t h e  system r i ses  u n t i l  t h e  l a r g e  b a l l o o n  
i s  f u l l y  i n f l a t e d  t o  a supe rp res su re  o f  2 mb. I n  t h e  even t  of 
premature f a i l u r e  of  the small ba l loon ,  t h e  system rises t o  the 
upper a l t i t u d e .  Th i s  system does  no t  r e q u i r e  pumping o r  makeup 
g a s  and i s  s t a b l e  a t  e i t h e r  a l t i t u d e .  T h i s  concept  r e s u l t s  i n  
a 500-lb BVS. 
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Comparison 

Table  E l  d i s p l a y s  v a r i o u s  we igh t s  and parameters  f o r  the f o u r  
d u a l - a l t i t u d e  concepts  under c o n s i d e r a t i o n  as w e l l  as f o r  t h e  base- 
l i n e  s i n g l e  a l t i t u d e  ba l loon .  Of i n t e r e s t  i s  t h e  t o t a l  system 
weight ,  where a minimum i n c r e a s e  ove r  t h e  b a s e l i n e  400-lb i s  de- 
s i r a b l e .  A second c o n s i d e r a t i o n  i n  t h e  comparison o f  t h e  f o u r  
concepts  i s  t h e  a b i l i t y  of t h e  p a r t i c u l a r  concept  t o  provide  a t -  
mospheric measurements a t  t h e  6125-km l e v e l  i n  a d d i t i o n  t o  t h e  
6108-km l e v e l .  

Conf igu ra t ion  D ,  i n  which t h e  ba l loon  does not  a c t u a l l y  sta- 
b i l i z e  a t  a h i g h e r  a l t i t u d e ,  w i l l  no t  provide  a n  a p p r e c i a b l e  i n -  
c r e a s e  i n  miss ion  success  p r o b a b i l i t y  because t h e  descent  t i m e  i s  
o n l y  twice t h a t  spen t  descending on a parachute  i n  the  b a s e l i n e  
c o n f i g u r a t i o n .  For t h e  o r b i t e r  ca se ,  Chis slow descen t  o p e r a t i o n  
may even i n h i b i t  the t r ansmiss ion  of  a tmospheric  d a t a  dur ing  t h e  
i n i t i a l  p a s s  o f  t h e  o r b i t e r  because of d i f f i c u l t y  i n  deploying 
s c i e n c e  b e f o r e  dropping the ba l loon  i n f l a t i o n  t anks .  

Conf igu ra t ion  C r e s u l t s  i n  ze ro -p res su re  o p e r a t i o n  a t  6108 km 
and,  t h e r e f o r e ,  w i l l  r e q u i r e  a n  a c t i v e  g a s  makeup o r  b a l l a s t i n g  
system t o  s t a b i l i z e  and ma in ta in  t h a t  a l t i t u d e .  The extra  265 l b  
r e q u i r e d  f o r  t h i s  system does  not  i n c l u d e  t h e  weight  r e q u i r e d  f o r  
maintenance o f  a l t i t u d e .  Because t h e  a n t i c i p a t e d  hazards  can be 
overcome by a n  a c t i v e  makeup system, i n  any case ,  t h e  a d d i t i o n  of 
a g a s  makeup system o r  a b a l l a s t i n g  system t o  t h e  b a s e l i n e  des ign  
would prove more weight  e f f e c t i v e .  

Conf igu ra t ion  E i s  t h e  l i g h t e s t  o f  t h e  f o u r  d u a l - a l t i t u d e  
schemes and has t h e  added advantage of provid ing  p r o t e c t i o n  
a g a i n s t  b a l l o o n  leakage .  The o p e r a t i o n  i s  i n  reverse, i . e . ,  t h e  
ba l loon  i s  f irst  deployed a t  the  lower a l t i t u d e .  

Conclusion 

The d u a l - a l t i t u d e  b a l l o o n  appea r s  f e a s i b l e .  Four of t h e  pos- 
s i b l e  methods have been ana lyzed  and are  shown t o  have v a r i o u s  
deg rees  of d e s i r a b i l i t y  and mis s ion  l i f e  a t  t h e  d i f f e r e n t  a l t i -  
t udes .  
o f  added complexi ty  and we igh t ,  The weight  i n c r e a s e  can amount 
t o  s l i g h t l y  more than  500 l b .  

The d u a l  a l t i t u d e  c a p a b i l i t y  i s  achieved  w i t h  some degree 
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APPENDIX F 

The BVS s t e r i l i z a t i o n  s tudy  r e s u l t e d  i n  a n  i n t e r p r e t a t i o n  of 
t h e  p l a n e t a r y  q u a r a n t i n e  a n a l y s i s  f o r  Venus i n  terms of engineer -  
i n g  c r i t e r i a .  I n  a d d i t i o n ,  innovat ions  have been added based on 
conc lus ions  drawn from c o r o l l a r y  s t e r i l i z a t i o n  s t u d i e s  and ex- 
periments i n  t h e  g e n e r a l  area of b ioas say ,  s t e r i l i z a t i o n l d e c o n -  
tamina t ion  o p e r a t i o n s ,  and s t e r i l e - i n s e r t i o n  and s t e r i l e  r e p a i r .  
These techniques  permi t  i n s t a l l a t i o n  o r  a d d i t i o n  of h e a t - s e n s i t i v e  
i t e m s  a f t e r  t e rmina l  s t e r i l i z a t i o n  as w e l l  as replacement of f a i l e d  
hardware wi thout  r e p e t i t i o n  of t h e  t e rmina l  s t e r i l i z a t i o n  t r e a t -  
ment. The on ly  use  of t h e  technique  i n  t h i s  s tudy  i s  f o r  s t e r i l e  
i n s e r t i o n  i n  t h e  load ing  of hydrogen gas i n  t h e  BVS a f t e r  i t  has 
undergone t e rmina l  s t e r i l i z a t i o n .  R&D s t u d i e s  now i n  process  a t  
Langley and Mar t in  M a r i e t t a  are expanding t h e  c a p a b i l i t i e s  of 
t h e s e  techniques  f o r  'much wider a p p l i c a t i o n s .  S i g n i f i c a n t  c o s t  
s av ings  can  be  r e a l i z e d  from t h e  recommendation t h a t  s h o r t  ex- 
posures t o  d r y  h e a t  be  s u b s t i t u t e d  f o r  ET0 decontamination. This  
recommendation would c l a s s i f y  ET0 decontamination as an o p t i o n a l  
method r a t h e r  than ,  as i n  t h e  beginning of t h e  s tudy ,  a program 
requirement -- w'ith no a l t e r n a t i v e .  The a l t e r n a t i v e  method of 
decontamination i s  t h e  use  of h e a t  as a method f o r  reducing  t h e  
b i o l o g i c a l  contaminat ion  l e v e l .  I n  combination, t h e s e  c r i t e r i a  
r e p r e s e n t  a s i g n i f i c a n t  r educ t ion  i n  t h e  impact t h a t  s t e r i l i z a -  
t i o n  has  on the des ign ,  development and tes t  of s p a c e c r a f t  f o r  
Venus miss ions  wi thout  d e t r a c t i o n  from t h e  b a s i c  p l a n e t a r y  quar- 
an t i n e  requi rements  . 

STERILIZATION CRITERIA 

S i g n i f i c a n t  p lane  tar  y qua ran t ine  and s t er i 1 i z a  t i on r e q u i r e -  
ments used i n  t h i s  s tudy  are as fo l lows :  

1) Contamination p r o b a b i l i t y  l e v e l  of f o r  a l l  po- 
t e n t i a l  sources  of contaminat ion  wh i l e  b i o l o g i c a l  
s t u d i e s  of t h e  p l a n e t  are be ing  c a r r i e d  o u t ;  

The BVS/Entry Vehic le  w i l l  be  h e a t  s t e r i l i z e d  so 
t h a t  t h e  p r o b a b i l i t y  t h a t  a l i v e  microorganism re- 
mains i s  10-3; 

The p r o b a b i l i t y  of impact of t h e  p l a n e t  Venus by a n  
u n s t e r i l i z e d  o r b i t e r  s h a l l  n o t  exceed 3 x 10-5 i n  an 
o r b i t  no t  t o  decay wi th in  50 y r ;  

2) 

3) 
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The p r o b a b i l i t y  of a c c i d e n t a l  p l a n e t a r y  e n t r y  by an  
u n s t e r i l i z e d  f l y b y  s p a c e c r a f t  s h a l l  no t  exceed 

The BVS/Entry Vehic le  s h a l l  be b i o l o g i c a l l y  s e a l e d  
i n  a s t e r i l i z a t i o n  c a n i s t e r  fo l lowing  t e rmina l  
s t e r i l i z a t i o n  and remain s e a l e d  u n t i l  s e p a r a t i o n  
i n  f l i g h t ;  

Design of t h e  c a n i s t e r  s h a l l  b e  such t h a t  no contam- . 

i n a t e d  s u r f a c e  s h a l l  be i n  l i n e - o f - s i g h t  of a s t e r i l e  
s u r f a c e  dur ing  c a n i s t e r  s e p a r a t i o n ;  

The t r a j e c t o r y  of t h e  s e p a r a t e d  c a n i s t e r  s h a l l  be 
such t h a t  it does n o t  v i o l a t e  t h e  p l a n e t a r y  quaran- 
t i n e  requirement .  

3 

STERILIZATION IMPACT ON SYSTEMS AND COMPONENTS 

The BVS S t e r i l i z a t i o n  C o n s t r a i n t s  and Requirements document 
was developed f o r  u s e  i n  t h i s  s tudy .  This  document d i scussed  i n  
d e t a i l  t h e  impact t h a t  s t e r i l i z a t i o n  requirements  have on Venus 
p l a n e t a r y  systems hardware w i t h  r ega rd  t o  hardware q u a l i f i c a t i o n ,  
and t h e  e x t e n t  of mic rob io log ica l  contaminat ion c o n t r o l  t h a t  
must n e c e s s a r i l y  be  imposed throyghout t h e  assembly and tes t  
phase.  I temized  below are some of t h e  more p e r t i n e n t  c r i t e r i a :  

1) BVS hardware s h a l l  be  q u a l i f i e d  i n  accordance 
wi th  t h e  1973 Voyager Capsule Systems C o n s t r a i n t s  
and Requirements Document, Revis ion  2 ,  ( r e f .  F l ) ,  
and supplemented where necessa ry  wi th  JPL Spec VOL- 
50503-ETS ( r e f .  F2)  ; 

approved s t e r i l i z a b l e  p a r t s  l i s t ,  o r  q u a l i f i e d  t o  a 
Mart in  Marietta/customer-approved q u a l i f i c a t i o n  tes t  
procedure (a proposed q u a l i f i c a t i o n  t es t  procedure 
i s  shown i n  t h e  BVS S t e r i l i z a t i o n  C o n s t r a i n t s  and 
Requirements Document); 

p a t i b i l i t y  w i t h  s t e r i l i z a t i o n  environment s h a l l  b e  
by demonstrat ion of s t r u c t u r a l  i n t e g r i t y  and normal 
func t ion ing  a f t e r  exposure t o  s i x  64-hr c y c l e s  of 
h e a t  s t e r i l i z a t i o n  a t  135OC i n  a n i t r o g e n  atmosphere;  

2 )  P a r t s  and or  materials sha.11 b e  s e l e c t e d  from a NASA- 

3 )  Q u a l i f i c a t i o n  of assemblies/subsystems t o  prove com- 

128 



APPENDIX F 

Capsule system s t e r i l i z a t i o n  q u a l i f i c a t i o n  s h a l l  be  
performed on t h e  proof t es t  model (PTM) by  exposing 
i t  t o  t h r e e  c y c l e s  of h s t e r i l i z a t i o n  a t  135°C i n  
a n i t r o g e n  atmosphere f o r  pe r iods  of 57, 60, and 72 
h r  , r e s p e c t i v e l y ;  

F l i g h t  hardware s h a l l  b e  exposed t o  one s t e r i l i z a t i o n  
h e a t  c y c l e  i n  a n i t r o g e n  atmosphere a t  125°C f o r  a 
pe r iod  of 60 h r  a t  assembly/subsystem l e v e l ;  

Assembly through subsystem l e v e l  s h a l l  be performed 
i n  a c l a s s  100 000 environment as d e f i n e d  by Fed 
S t d  209a and NASA Std  5340.2; 

F l i g h t  c a p s u l e  system f i n a l  assembly s h a l l  b e  p e r -  
formed i n  a c l a s s  100 environment as de f ined  by Fed 
S td  209a and NASA S td  5340.2; 

B i o l o g i c a l  moni tor ing  s h a l l  b e  performed on a l l  f l i g h t  
and proof test  model hardware subsequent t o  assembly/ 
subsystem assembly u n t i l  encapsu la t ed  i n  t h e  s t e r i l i z a -  
t i o n  c a n i s t e r  and t e r m i n a l l y  s t e r i l i z e d ;  

Each f l i g h t  c a p s u l e  s h a l l  be manufactured, assembled, 
t e s t e d ,  and encapsu la t ed  i n  such  a manner as t o  e n t e r  
t h e  t e rmina l  s t e r i l i z a t i o n  c y c l e  w i t h  less than  
1 x lo5 v i a b l e  s p o r e s ;  

The t e rmina l  s t e r i l i z a t i o n  p rocess  s h a l l  s u b j e c t  t h e  
c a p s u l e  t o  a t ime-temperature c y c l e  e q u i v a l e n t  i n  
l e t h a l i t y  t o  125°C f o r  24.5 h r .  

BVS STERILIZABLE EQUIPMENT SURVEY RESULTS 

Table  F1  summarizes t h e  r e s u l t s  of the BVS s t e r i l i z a b l e  hard-  
ware survey  completed near t h e  end of t h e  f e a s i b i l i t y  s tudy .  

The informat ion  shown i n  t h e  t a b l e  i s  based, i n  p a r t ,  on work 
done a t  Mar t in  Marietta w i t h  s t e r i l i z a b l e  e l e c t r o n i c  hardware and 
e l e c t r i c  power sources .  The informat ion  came from a v a r i e t y  of 
r e p o r t s ,  b u t  t h e  one most f r e q u e n t l y  used w a s  a JPL r e p o r t  i n  
which they  r e p o r t e d  t h e i r  work w i t h  t h e  c a p s u l e  system advanced 
development (CSAD) program i n  t h e i r  Space Program Summary 37-49, 
volume 111 ( r e f .  F3).  Mar t in  Marietta r e p o r t  e n t i t l e d ,  " I n v e s t i -  
g a t i o n  of t h e  F e a s i b i l i t y  of S t e r i l e  Assembly of S i lve r -Z inc  
Batteries" ( r e f .  F4) w a s  ano the r  r e p o r t  from which informat ion  
w a s  ob ta ined .  
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1964 Mariner  image 
3 i s s e c t o r :  CBS Labs 
>SAD 

2 SAD 

TABLE F1.- BVS STERILIZABLE HARDWARE 

BVS equipment l i s t  

l e c  tr on i c  

C e n t r a l  d a t a  m u l t i p l e x e r  1 
encoder  

Data s t o r a g e  

Sonde r e c e i v e r  and d a t a  
a s s  emb 1 y 

Sonde an tenna  

Data handl ing  S / S  prog 
Command r e c e i v e r  
Command d e t e c t o r  
Command decoder 
T r a n s m i t t e r  
Dip lexer  
Main an tenna  
Radar a l t  ( e l e c t r o n i c s )  
Radar a l t  ( a r r a y )  
Sequencer 

< l e c  t r  i c a l  

Main b a t t e r i e s  
A u x i l i a r y  b a t t e r i e s  
Ins t rument  power supply  
Power pack 
S o l a r  c e l l s  
Cable  and c o n n e c t o r s  

Sc ience  

Biosc ience  
T r i a x  acce lerometer  
P r e s s u r e  exp 
Temperature exp 
Light  b a c k s c a t t e r  
S o l a r  a s p e c t  

Water vapor  d e t e c t o r  
V i s u a l  photometer 

Mechanica l /e lec  t romechanica l  

S t r u c t u r e  
Ordnance v a l v e s  
P r e s s u r e  s w i t c h  
Solenoid v a l v e s  
Parachute  
Bal loon 

S t e r i l i z a t i o n  s t a t u s  

c c e p t -  
a b l e  

X 
X 

X 
X 

X 
X 
X 
X 
X 
X 
X 
X 

X 

X 
X 
X 
X 
X 
X 

X 
X 
X 

X 

X 

X 
X 
X 
X 
X 

nder i n -  
urestiga- 
t i o n  

X 

X 

:o be  
ivesti- 
;at ed 

X 

X 

X 

te ference / remarks  

l a t e d  w i r e  memory, 
SAD Librascope  

SAD omni an tenna  
ys t e m  

SAD (S-band) 
SAD (S-band) 
SAD (S-band) 
SAD (S-band) 
SAD (S-band) 
SAD (S-band) 

SAD 

: SAD 
;SAD 

; SAD 
;SAD 
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The equipment shown as a c c e p t a b l e  i n  t h e  c h a r t  i n d i c a t e s  
t h a t  t h e r e  are  a c c e p t a b l e  p a r t s  a v a i l a b l e  (hea t  s t e r i l i z a b l e )  f o r  
t h e  g e n e r a l  c l a s s i f i c a t i o n  of e l e c t r o n i c  equipment u s i n g  commom 
p a r t s  ( i n t e g r a t e d  c i r c u i t s ,  r e s i s t o r s ,  c a p a c i t o r s ,  e t c . )  w i t h  
t h e  except ion  of tantalum c a p a c i t o r s  f o r  which 125°C i s  t h e  upper 
l i m i t ,  

An i n v e s t i g a t i o n  i s  c u r r e n t l y  i n  progress  a t  Mar t in  Marietta 
on s t e r i l i z a t i o n  c o m p a t i b i l i t y  of b a l l o o n  materials and process-  
i ng .  I n i t i a l  t e s t  d a t a  i n d i c a t e  t h a t  t h e  material ( s i n g u l a r  o r  
composite) can be  h e a t  s t e r i l i z e d  ( r e f .  F5). 

BVS STUDY SUMMARY 

The s t e r i l i z a t i o n  s t u d y  has  r e s u l t e d  i n  e s t a b l i s h i n g  a f e a s i -  
b l e  p lan  f o r  s e l e c t i o n  of s t e r i l i z a b l e  p a r t s  and materials and 
q u a l i f i c a t i o n  of p a r t s ,  assembl ies ,  and subsystems. Manufactur- 
i n g  and tes t  methods developed dur ing  t h e  s t u d y  w i l l  a s s u r e  pro- 
duc t ion  of s t e r i l i z e d ,  f l i g h t w o r t h y  equipment. Review and eva lua-  
t i o n  of t h e  BVS equipment l i s t  has  i d e n t i f i e d  a number of areas 
r e q u i r i n g  a d d i t i o n a l  work t o  a s s u r e  s t e r i l i z a b i l i t y .  Use of s h o r t  
d r y  h e a t  exposure ( i n  l i e u  of ETO) i s  recommended t o  a c h i e v e  c o s t  
sav ings  and enhanced r e l i a b i l i t y .  This  change w i l l  permit  t h e  
use of p a r t s  and materials t h a t  m e e t  a l l  o t h e r  program r e q u i r e -  
ments, except  f o r  ET0 c o m p a t i b i l i t y ,  and t h e r e f o r e  d e l e t e s  t h e  
need f o r  s e p a r a t e  q u a l i f i c a t i o n  t e s t s .  
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APPENDIX G 

The performance, of  a r e l a y  communications l i n k  between a 
p l a n e t  descent  v e h i c l e  and an  o r b i t i n g  o r  f l y b y  s p a c e c r a f t  may be  
degraded by s c a t t e r e d  s i g n a l s  from t h e  p l a n e t  s u r f a c e .  The r e l a -  
t i v e  magnitude, phase,  and t i m e  de l ay  between t h e  d i r e c t  and re- 
f l e c t e d  s i g n a l s ,  rece ived  a t  t h e  s p a c e c r a f t ,  w i l l  de te rmine  t h e  
degree  t o  which t h e  l i n k  w i l l  be a f f e c t e d .  

The appendix d e s c r i b e s  t h e  mul t ipa th  environment considered 
i n  t h e  des ign  concept  f o r  a r e l a y  communication l i n k  between t h e  
BVS and t h e  s p a c e c r a f t .  

SYMBOLS 

C 

Ed 

ES 

rc  M 

R 

RCP 

Rd 

T 

tD 

V 

Y 

OlP 

v e l o c i t y  of  l i g h t ,  ki lometers /second 

peak d i r e c t  s i g n a 1 , v o l t a g e  

peak s c a t t e r e d  s i g n a l . v o l t a g e  

r a t i o  of  BVS antenna power g a i n  i n  d i r e c t i o n  o f  space-  
c r a f t  t o  ga in  i n  d i r e c t i o n  o f  s i g n a l  r e f l e c t e d  by 
p l a n e t  t o  t h e  s p a c e c r a f t  

r e l a t i v e  pe rmeab i l i t y  

s u r f a c e  r e f l e c t i o n  c o e f f i c i e n t  

r e f l e c t i o n  c o e f f i c i e n t  f o r  a c i r c u l a r  po la r i zed  s i g n a l  

d i f f e r e n c e  i n  pa th  l e n g t h  between d i r e c t  and r e f l e c t e d  
s i g n a l ,  k i lometers  

r e f l e c t i o n  c o e f f i c i e n t  f o r  v e r t i c a l  and h o r i z o n t a l  
po la r i zed  s i g n a l s ,  r e s p e c t i v e l y  

c o r r e l a t i o n  d i s t a n c e  

t i m e  de l ay ,  seconds 

v e l o c i t y ,  meters/second 

normalized admi t tance  

BVS antenna a s p e c t  a n g l e  t o  s p a c e c r a f t ,  deg. 
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au 

(ycP) m 

Y~~ 

E r c  

$1 

A 

PR 

OC 

'd 

't 

BVS antenna a s p e c t  ang le  o f  s i g n a l  r e f l e c t e d  from 
p l a n e t ,  degrees  

f ad ing  parameter modified f o r  antenna d i r e c t i v i t y  and 
d i f f e r e n c e  i n  pa th  l e n g t h  between r e f l e c t e d  and d i r e c t  
s i g n a l  

r a t i o  of peak d i r e c t  s i g n a l  t o  rms of s c a t t e r e d  s i g -  
n a l  

r e l a t i v e  complex p e r m i t t i v i t y  

l o c a l  ang le  of  i nc idence  of  r e f l e c t e d  wave, degrees  

wavelength,  meters 

r a t i o  o f  r e f l e c t e d  s i g n a l  p a t h  l e n g t h  t o  t h e  d i r e c t  
s i g n a l  pa th  l e n g t h  

conduc t iv i ty  of  s u r f a c e  of  Venus 

s tandard  d e v i a t i o n  of s u r f a c e  he igh t  

c o r r e l a t i o n  t i m e ,  seconds 

SURFACE MODEL 

The f ad ing  parameter ,  Y;~, i s  a measure of  t h e  s e v e r i t y  of 

t h e  f ad ing .  Tur in  ( r e f .  G 1 )  d e f i n e s  gamma a s  

E f i  - peak d i r e c t  s i g n a l  - 
'FM- r m s  s c a t t e r e d  s i g n a l  = Ed /( s/ ) 

where 

E .= peak d i r e c t  s i g n a l  
d 

E = peak s c a t t e r e d  s i g n a l  
S 

Because t h e  s u r f a c e  r e f l e c t i o n  c o e f f i c i e n t ,  R ,  i s  t h e  r a t i o  of 
t h e  peak s c a t t e r e d  s i g n a l  t o  peak d i r e c t  s i g n a l ,  w e  have from ( G l )  
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Assuming t h e  r e f l e c t i o n  c o e f f i c i e n t  f o r  a n  i n c i d e n t  s i g n a l  o f  c i r -  
c u l a r  p o l a r i z a t i o n  can be approximated by 

RcP = (RG f R;)% 

where RV and RH a r e  t h e  s u r f a c e  r e f l e c t i o n  c o e f f i c i e n t s  f o r  

i n c i d e n t  s i g n a l s  o f  v e r t i c a l  and h o r i z o n t a l  p o l a r i z a t i o n s ,  respec- 
t i v e l y ,  t hen ,  

Equat ion ( G 2 )  was modified t o  account f o r  t h e  r e l a t i v e  magnitudes 
o f  t h e  d i r e c t  s i g n a l  t o  t h e  s p a c e c r a f t  and t h e  i n c i d e n t  s i g n a l  t o  
t h e  p l a n e t  

i s  t h e  r a t i o  of  t h e  r e f l e c t e d  s i g n a l  p a t h  l e n g t h  t o  

Ga 

PR where 

t h e  d i r e c t  s i g n a l  p a t h  l e n g t h  and i s  t h e  BVS antenna g a i n  i n  

t h e  d i r e c t i o n  o f  t h e  s p a c e c r a f t  divided by t h e  g a i n  i n  t h e  d i r e c -  
t i o n  o f  t h e  p l a n e t .  

The s u r f a c e  r e f l e c t i o n  c o e f f i c i e n t  i s  a f u n c t i o n  of t h e  i n c i -  
dence a n g l e  and t h e  e l e c t r i c a l  p r o p e r t i e s  of  t h e  r e f l e c t i n g  s u r -  
f a c e  a s  shown by Beckmann and Spizz ich ino  ( r e f .  G 2 ) .  

cos  el - JY 
cos  el + JY % =  

- s i n 2  el 
- s i n 2  

These r e f l e c t i o n  c o e f f i c i e n t s  a r e  r e p r e s e n t a t i v e  o f  a smooth re- 
f l e c t i n g  s u r f a c e ,  where el 
f i g .  G l ) ,  and Y i s  t h e  normalized admit tance a s  g iven  by Beckmann 
( r e f .  G 3 ) .  

i s  t h e  l o c a l  a n g l e  of  inc idence  ( s e e  
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S p a c e c r a f t  
r ec eiver 

Figure G 1 . -  Angle Convention 

i s  t h e  r e l a t i v e  complex p e r m i t t i v i t y  
' rc where 

E = € / E O  + i 60 A 0 r c  

Here,  s e v e r a l  s impl i fy ing  assumptions were made: pure  s p e c u l a r  
r e f l e c t i o n s  were cons idered ,  i . e . ,  8,. = Q2 and 83 = Oo; t h e  con- 
d u c t i v i t y ,  0 ,  of t h e  Venusian s u r f a c e  i s  s u f f i c i e n t l y  low a t  
400 MHz t h a t  , 

E = € / E O  r c  

and t h a t  t h e  r e l a t i v e  pe rmeab i l i t y ,  M of  t h e  s u r f a c e  i s  u n i t y .  

The s u r f a c e  of  Venus i s  thought t o  be d r y  and sandy o r  rocky w i t h  
a r e l a t i v e  d i e l e c t r i c  o f  p e r m i t t i v i t y  of 3 . 7 5 ,  a s  determined from 
cw r a d a r  measurements ( r e f .  G 4 ) .  Equat ions  (G4)  and (G5)  , may 
now be expressed a s  a f u n c t i o n  of i nc idence  ang le  

r c  
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- cos  el - 4 3 . 7 5  - s i n 2  el 
RH - cos  el + 4 3 . 7 5  - s i n 2  

Equat ions  ( G 3 ) ,  ( G 6 ) ,  and (G7)  then  d e f i n e  t h e  s u r f a c e  model con- 
s i d e r e d  i n  t h i s  a n a l y s i s .  P l o t s  o f  equa t ions  (G6)  and (G7)  a r e  
shown i n  f i g u r e  G 2 .  

Fading Margin 

The margin i n  system performance r equ i r ed  t o  overcome e f f e c t s  
o f  t h e  f ad ing  environment depends on t h e  se lec ted  system modula- 
t i o n ,  t h e  f ad ing  r a t e ,  and t h e  t i m e  d e l a y  between t h e  d i r e c t  and 
r e f l e c t e d  s i g n a l s  rece ived  a t  t h e  s p a c e c r a f t .  

The BVS a t t a i n s  r a d i a l  descent  s h o r t l y  a f t e r  s e p a r a t i o n  from 
t h e  e n t r y  v e h i c l e .  The re fo re ,  t h e  c o r r e l a t i o n  t i m e  ( i . e . ,  t i m e  
i n t e r v a l  between complete c o r r e l a t i o n  o f  t h e  d i r e c t  and r e f l e c t e d  
s i g n a l s ,  Acp = O o ,  and complete u n c o r r e l a t i o n ,  ACp = 180°) ,  d e -  
f i n e d  i n  ( r e f  G5)  f o r  a f a l l i n g  l a n d e r  i s  a p p l i c a b l e .  

1 ' t =  
J8K v crd J T  s i n  e2  

where 

v = r a d i a l  v e l o c i t y  o f  descen t  v e h i c l e  

K = 2n /A 

a d / T  = s u r f a c e  s l o p e  ( s t anda rd  d e v i a t i o n / c o r r e l a t i o n  d i s t a n c e )  

e2 = el 

It has  been es t imated  t h a t  t h e  r m s  s l o p e  of t h e  Venus s u r f a c e  i s  
4 t o  7O o r  

Because t h e  r a d i a l  v e l o c i t y  of  t h e  BVS i s  l e s s  than  500 m/sec du r -  
i n g  a m a j o r i t y  o f  t h e  descen t  p r o f i l e ,  t h e  minimum c o r r e l a t i o n  
t i m e  w i l l  be 

2 . 5  _< z _< 7.0 msec 
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The fad ing  r a t e  i s  considered slow i f  t h e  rece ived  r e f l e c t e d  s i g -  
n a l  i s  c o n s t a n t  over  t h e  system informat ion  b i t  per iod ( i , e . ,  
c o r r e l a t i o n  t i m e  >> than  t h e  system informat ion  b i t  p e r i o d ) ,  The 
d a t a  r a t e  of  t h e  r e f e r e n c e  system i s  240 bps o r  e q u i v a l e n t  o f  a 
b i t  per iod equal  t o  4 msec. T h i s  would i n d i c a t e  a f a s t  fad ing  
r a t e  o c c u r s  dur ing  a p o r t i o n  o f  t h e  d e o r b i t  t r a j e c t o r y .  However, 
dur ing  t h e  te rmina l  phase o f  t h e  d e o r b i t  t r a j e c t o r y ,  t h e  r a d i a l  
v e l o c i t y  o f  t h e  BVS i s  q u i t e  low and t h e  c o r r e l a t i o n  t i m e  w i l l  i n -  
c r e a s e  t o  p o s s i b l y  s e v e r a l  seconds.  Therefore ,  t h e  fad ing  r a t e  
would go from f a s t  t o  slow d u r i n g  t h e  d e s c e n t  t r a j e c t o r y  and a 
slow fad ing  c o n d i t i o n  would have t o  be  considered t o  ensure  a 
conserva t ive  communication l i n k  d e s i g n .  

The modulation s e l e c t e d  f o r  t h e  r e f e r e n c e  system was nonco- 
h e r e n t  FSK. The requi red  fad ing  margin v a r i e s  w i t h  fad ing  param- 
e t e r  a s  shown i n  f i g u r e  G 3 .  These curves  were der ived  from ana- 
l y t i c a l  and experimental  d a t a  ( r e f .  G5) f o r  a system b i t  e r r o r  
p r o b a b i l i t y  of  4 i n  lo3, noncoherent FSK modulation and slow fad-  
i n g  c o n d i t i o n s .  The e f f e c t s  o f  t i m e  d e l a y  become s i g n i f i c a n t  f o r  
fad ing  parameters  less  than  10.  

The t i m e  d e l a y  between t h e  d i r e c t  and r e f l e c c e d  s i g n a l s  re-  
ceived a t  t h e  s p a c e c r a f t  i s  

t = R d / c  
d 

where Rd 

f l e c t e d  s i g n a l s  and c i s  t h e  v e l o c i t y  o f  l i g h t .  I n  g e n e r a l ,  
t h e  t i m e  d e l a y  may be neglected i f  i t  i s  less  than  1/10 of  t h e  
informat ion  b i t  p e r i o d .  For d i f f e r e n t i a l  pa th  l e n g t h s  g r e a t e r  
than  125 km, t h e  t i m e  d e l a y  w i l l  become s i g n i f i c a n t  f o r  t h e  r e f -  
e rence  system because t h e  b i t  period i s  =4 msec. For t h e  p r e e n t r y  
phase ( e n t r y  - 10 min t h r u  e n t r y )  of  a t y p i c a l  BVS descent  t r a -  
j e c t o r y ,  d i f f e r e n t i a l  ranges on t h e  o r d e r  of  300 km o c c u r .  How- 
e v e r ,  dur ing  t h i s  phase t h e  fad ing  parameter i s  t y p i c a l l y  12 o r  
g r e a t e r .  The d i f f e r e n t i a l  range h a s  decreased t o  =50 km by 30 
s e c  a f t e r  e n t r y  and t h e  fad ing  parameter i s  approximately 7 .5 .  
I n  g e n e r a l ,  dur ing  per iods  where t h e  t i m e  d e l a y  i s  g r e a t e r  than  
1/10 of a b i t  per iod ,  t h e  fad ing  parameter i s  g r e a t e r  than  12,  
and t h e  time d e l a y  does n o t  become s i g n i f i c a n t .  The curve  o f  
f i g u r e  G 3 ,  which does n o t  r e f l e c t  t h e  e f f e c t  o f  t i m e  d e l a y ,  was 
used i n  t h e  a n a l y s i s .  

i s  t h e  d i f f e r e n c e  i n  pa th  l e n g t h  o f  t h e  d i r e c t  and re- 
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COMMUNICATIONS GEOMETRY 

Typica l  communications geometry between t h e  s p a c e c r a f t  and 
BVS i s  shown i n  f i g u r e  G4. V a r i a t i o n s  i n  t h e  BVS antenna a s p e c t  
a n g l e s  t o  t h e  s p a c e c r a f t  ap and t o  t h e  p l a n e t  ay a r e  shown 

along w i t h  t h e  r a t i o  of  t h e  BVS antenna d i r e c t  t o  ref lected s i g -  
n a l  power g a i n .  Typica l  v a r i a t i o n s  i n  i n c i d e n c e  a n g l e  a r e  shown 
i n  f i g u r e  6 5 .  

SUMMARY 

Using t h i s  model t o  s i m u l a t e  t h e  m u l t i p a t h  environment,  t i m e  
h i s t o r i e s  o f  t h e  requi red  f a d i n g  margin were c a l c u l a t e d .  These 
a r e  shown i n  f i g u r e  G5 and on t h e  performance margin p r o f i l e s  
( i n  t h e  telecommunications subsystems s e c t i o n )  above t h e  adverse  
t o l e r a n c e .  The fad ing  margin i n c r e a s e s  t o  approximately 4 dB 
near  e n t r y  where l a r g e  i n c i d e n c e  a n g l e s  and small  BVS antenna 
f ront - to-back  g a i n  r a t i o s  e x i s t .  The f a d i n g  environment then  be- 
comes less  s e v e r e ,  due g e n e r a l l y  t o  t h e  r a d i a l  a t t i t u d e  o f  t h e  
BVS, u n t i l  t h e  s p a c e c r a f t  approaches t h e  te rmina l  l i n k  hor izon  
where c o n d i t i o n s  s i m i l a r  t o  t h e  e n t r y  phase r e c u r .  

REFERENCES 

G 1 .  T u r i n ,  G .  L.:  E r r o r  P r o b a b i l i t i e s  f o r  Binary  Symmetric I d e a l  
Recept ion through Nonse lec t ive  Slow Fading and Noise.  Proc.  
I R E ,  v o l .  46,  S e p t .  1958, p p .  1603 - 1619. 

G 2 ,  Beckmann, P.;  and S p i z z i c h i n o ,  A . :  The S c a t t e r i n g  of  Elec-  
t romagnet ic  Waves from Rough S u r f a c e s .  Macmillan Company, 
1963. 

G3. Beckmann, P . :  “The R e f l e c t i o n  o f  Electromagnet ic  Waves and 
S y n t h e s i s  o f  Media. Acta Thechnica CSAV 1, 1956, pp. 251 - 
267. 

G4. Anon.: F i n a l  Report  - Study o f  a 1973 Venus-Mercury Mission 
w i t h  a Venus E n t r y  Probe. Document no. 760-1, v o l .  11, Je t  
Propuls ion  Labora tory ,  June 15 ,  1967, p p .  5 - 116 .  

G5. Anon.: F i n a l  Report  - S e l e c t e d  S t u d i e s  o f  VHF/UHF Communi- 
c a t i o n s  f o r  P l a n e t a r y  (MARS/VENUS) Relay Links .  RCA Ast ro-  
E l e c t r o n i c s  D i v i s i o n ,  J a n .  1 5 ,  1967, p .  V-14 (Cont rac t  NAS2- 
3772).  

14 1 



14 2 



u a 
v) 

n 

2 u 
C a 

C 
.rl 
bo 
I.r 

2 
M 
E 
.rl 
m 
m 

Fr 
m c 
m 
C 
0 
.d 
u 
m 

14 3 
(The reverse of this page is blank.) 





APPENDIX H 

DOPPLER AND RANGING OPTIONS 
FOR BVS POSITION DETERMINATION 

by Walter F. Hane and Jack D. Pettus 
Martin Marietta Corporation 



AFPENDIX H 

The b a s e l i n e  communications l i n k s  between t h e  Buoyant Venus 
S t a t i o n  (BVS) and t h e  o r b i t i n g  s p a c e c r a f t  use noncoherent f r e -  
quency s h i f t  keyed (FSK) 400-MHz s i g n a l s .  The l i n k  from t h e  space- 
c r a f t  t o  t h e  BVS t r a n s m i t s  command codes.  The l i n k  from t h e  BVS 
t r a n s m i t s  t e l e m e t r y  d a t a  back t o  t h e  s p a c e c r a f t  f o r  10 minutes 
a f t e r  t h e  incoming s i g n a l  from t h e  s p a c e c r a f t  h a s  exceeded a p r e -  
se t  l e v e l .  The s p a c e c r a f t  t r a n s m i t t e d  frequency i s  410 MHz and 
t h a t  from t h e  BVS i s  390 MHz. Opt iona l  approaches t o  t h e  b a s e l i n e  
were cons idered ,  however, f o r  implementing doppler  and ranging 
f o r  t h e  o r b i t a l  mission wi thout  a p p r e c i a b l y  d e t e r i o r a t i n g  perform- 
ance of  t h e  b a s e l i n e  l i n k s .  Four approaches were considered,  a s  
fol lows:  

1) One-way doppler  from s p a c e c r a f t  t o  BVS w i t h  doppler  
d a t a  t r a n s m i t t e d  back t o  t h e  s p a c e c r a f t ;  

2) One-way doppler  from s p a c e c r a f t  t o  BVS; 

3) Two-way doppler  from s p a c e c r a f t  t o  BVS and back t o  
t h e  s p a c e c r a f t ;  

4 )  Two-way ranging along wi th  t h e  two-way doppler .  

The r e f e r e n c e  d a t a  used a s  g u i d e l i n e s  f o r  t h e  i n v e s t i g a t i o n  a r e :  

1) Two-way range - 50 000 km max., 4000 km min.;  

2) Two-way propagat ion  t i m e  - 0.167 sec max., 0.013 sec  

3 )  D e s i r e d  range r e s o l u t i o n  - 5500 m;  

4 )  T i m e  f o r  500-m r e s o l u t i o n  - 1.67 ysec;  

5) Minimum frequency requi red  f o r  1.67 psec ,  based on k-  
c y c l e  r e s o l u t i o n  - 150 Wz; 

6) Range r a t e  r e s o l u t i o n  - 1 m/sec o r  less;  

7) Maximum one-way doppler  a t  400 MHz - 59 Wz; 

8) Maximum one-way r a t e  o f  change o f  doppler  - 90 Hz/sec; 

9) 

min . ; 

Minimum one-way r a t e  o f  change o f  doppler  - 5 Hz/sec.  

Of primary importance was t h e  c r i t e r i o n  t h a t ,  whatever techniques 
were selected,  they  must have minimal d e t r i m e n t a l  e f f e c t s  on t h e  
performance and r e l i a b i l i t y  of t h e  FSK l i n k s .  I t  was d e s i r e d ,  
i n  t h e  i n t e r e s t  of  minimum weight ,  s i z e ,  and e l e c t r i c  power con- 
sumption, t o  i n c l u d e  t h e  doppler  and ranging  f u n c t i o n  on t h e  FSK 
command and d a t a  r f  l i n k s .  T h i s  was accomplished. 

B a s i c a l l y ,  a l l  f o u r  approaches use t h e  same c a r r i e r  g e n e r a t i o n  
and recovery techniques .  The ga ted  o s c i l l a t o r s  o f  t h e  b a s e l i n e  
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t r a n s m i t t e r s  a r e  r ep laced  by two s ingle-s ideband FSK g e n e r a t o r s  
t h a t  a l t e r n a t e l y  swi t ch  from upper sideband t o  lower sideband 
s i n g l e  tone  modulation f o r  g e n e r a t i n g  t h e  mark and space  FSK f r e -  
quenc ie s .  Both of  t h e  f r equenc ie s  t r a n s m i t t e d  by each t r a n s m i t -  
t e r  a r e  de r ived  from a common o s c i l l a t o r  i n  t h e  t r a n s m i t t e r  so 
t h a t  coherent  demodulation may be used t o  r ecove r  a FSK modulation 
e x c l u s i v e  r e f e r e n c e  s i g n a l  f o r  doppler  measurement and r ang ing .  
For doppler  measurement, no modulation i s  r e q u i r e d ,  o n l y  frequency 
measurement of  a r egene ra t ed  r e f e r e n c e  c a r r i e r .  For r ang ing ,  t h e  
FSK s i g n a l s  a r e  phase modulated 522.5' w i t h  t h e  ranging  code. 
T h i s  reduces  t h e  FSK s i g n a l  s t r e n g t h  on ly  0.7 dB,  which, w i t h  
b a s e l i n e  power, s t i l l  p rov ides  t h e  major p o r t i o n  o f  t h e  perform- 
ance margin. The power used f o r  t h e  ranging  code i s  7.8 dB below 
t h a t  of  t h e  FSK s i g n a l .  The FSK s i g n a l  l e v e l  i s  n o t  reduced when 
on ly  doppler  o p e r a t i o n  i s  used wi thou t  r ang ing .  Opera t ion  of  the 
FSK command and d a t a  system i s  una f fec t ed  by f a i l u r e  o f  t h e  dop- 
p l e r  and ranging  systems t o  ach ieve  coherent  lockup and o p e r a t i o n .  

Tab le  H I  shows e s t i m a t e s  of measurement accuracy  f o r  t h e  
t h r e e  doppler  and one ranging  technique  p r e s e n t e d .  Because t h e  
h igh  percentage  o f  e r r o r  i n  t h e  one-way doppler  measurements use 
o f  r a t e  measurements a r e  suggested f o r  a one-way doppler  approach. 
Two-way doppler  and ranging ,  u s ing  t h e  t echn ique  d e s c r i b e d ,  pro- 
v i d e s  a t o t a l  peak measurement e r r o r  of  less  than  one doppler  
c y c l e  from t h e  average  over t h e  measurement l e v e l  and range  meas- 
urement e r r o r s  ( n e g l e c t i n g  r e l a t i v e  motion du r ing  t h e  ranging  i n -  
t e r v a l )  o f  +490 m .  

SYMBOLS 

BPF 

D I  SCRIM 

FSK 

RCVR 

VXO 

XMTR 

XTAL 

cp 

bandpass f i l t e r  

d i s c r i m i n a t o r  

frequency s h i f t  keyed 

r e c e i v e r  

v o l t a g e  c o n t r o l l e d  c r y s t a l  o s c i l l a t o r  

t r a n s m i t t e r  

c r y s t a l  

phase ang le ,  deg rees  
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CHANGES TO BASELINE SYSTEM 

No s i g n i f i c a n t  changes t o  c a r r i e r  f r e q u e n c i e s  and none t o  

However, t h e  
t r a n s m i t t e d  power o r  b i t  r a t e  a r e  proposed. T h e r e f o r e ,  t h e  FSK 
demodulator d e s i g n  remains b a s i c a l l y  unchanged. 
means of g e n e r a t i n g  t h e  FSK o u t p u t  f r e q u e n c i e s  i s  changed. The 
two independent c r y s t a l  o s c i l l a t o r s ,  i n  each b a s e l i n e  t r a n s m i t t e r ,  
used t o  g e n e r a t e  t h e  FSK s i g n a l s  a r e  rep laced  by one master os -  
c i l l a t o r  from which t h e  d e s i r e d  o u t p u t  f r e q u e n c i e s  a r e  genera ted .  
T h i s  a s s u r e s  a n  a b s o l u t e  f requency r a t i o  between t h e  o u t p u t  f r e -  
quencies  t h a t  a i d s  i n  t h e  o p e r a t i o n  of  t h e  doppler  demodulator.  
These f r e q u e n c i e s  a r e  2 1  F t 0.01  F 
20 F ? 0.01 F f o r  t h e  BVS, where F i s  i 9 . 5  MHz. 

f o r  t h e  s p a c e c r a f t  and 

The mark and space frequency d i f f e r e n c e  of 5195 kc ( tO.01 F) 
used i n  t h e  b a s e l i n e  system i s  r e t a i n e d .  A c t u a l l y ,  w i d e  frequency 
spac ing  a l lows  s impler  less  s e l e c t i v e  i n p u t  f i l t e r s .  Use of  
f i x e d  r a t i o  c a r r i e r s  a l lows  u s e  o f  t h e  t o t a l  FSK s i g n a l  power f o r  
phase l o c k  loop locking ,  i n  a modulation e x c l u s i v e  mode, f o r  oper- 
a t i n g  t h e  doppler  and ranging  systems. 

I f  it were no t  r e q u i r e d  t o  keep t h e  FSK system o p e r a t i o n  non- 
dependent on lockup o f  t h e  0.01 F c a r r i e r  o s c i l l a t o r ,  t h e  FSK 
p r e d e t e c t i o n  f i l t e r  bandwidths could be  reduced t o  improve p e r -  
formance. 

I n c r e a s e  i n  s i z e ,  weight ,  and power f o r  t h e  a d d i t i o n  of  two- 
way doppler  and ranging  ( t a b l e  H2) i s  s l i g h t  because common use 
of  t h e  VXO f o r  b o t h  r e c e i v e r  and t r a n s m i t t e r  e f f e c t s  some saving  
t h a t  can be used f o r  t h e  range  code d e t e c t i o n  and r e g e n e r a t i o n  
equipment, 

ONE-WAY DOPPLER FROM SPACECRAFT TO BVS 

A b lock  diagram of  t h e  s p a c e c r a f t  t r a n s m i t t e r  i s  shown i n  f i g -  
u r e  H 1 .  The h e a r t  o f  t h e  t r a n s m i t t e r  i s  a s i n g l e  c r y s t a l  o s c i l -  
l a t o r  o p e r a t i n g  a t  frequency F (19.5 MHz). T h i s  o s c i l l a t o r  has  
a s t a b i l i t y  o f  1 x The o u t p u t  f requency o f  t h i s  o s c i l l a t o r  
i s  m u l t i p l i e d  by 21 t o  g e n e r a t e  t h e  b a s i c  o u t p u t  frequency c a r r i e r .  
The o s c i l l a t o r  o u t p u t  is a l s o  d iv ided  by 100 i n  a two-stage re -  
g e n e r a t i v e  d i v i d e r .  The 0 . 0 1  F (195 kHz) o u t p u t  from t h i s  d i v i d e r  
i s  used t o  tone  modulate t h e  21 F o u t p u t  c a r r i e r  i n  a balanced 
modulator,  thereby  g e n e r a t i n g  a double sideband suppressed c a r r i e r  
s i g n a l  w i t h  s idebands a t  21.01 and 19.99 F .  
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These two s idebands a r e  separa ted  by a p a i r  o f  bandpass f i l t e r s .  
The o u t p u t s  o f  t h e s e  bandpass f i l t e r s  a r e  a l t e r n a t e l y  ga ted  t o  
t h e  o u t p u t  power a m p l i f i e r  by t h e  command d a t a ;  thereby  g e n e r a t -  
i n g  an FSK s i g n a l ,  T h i s  l a t e r  o p e r a t i o n  i s  t h e  same as  t h a t  p e r -  
formed i n  t h e  b a s e l i n e  system. The concern over  carr ier  and s i d e -  
band suppress ion  u s u a l l y  a s s o c i a t e d  w i t h  suppressed c a r r i e r  modu- 
l a t i o n  systems i s  minimized i n  t h i s  a p p l i c a t i o n  because t h e  c l a s s  
C o u t p u t  power a m p l i f i e r  i n  t h e  t r a n s m i t t e r  f u n c t i o n s  s i m i l a r  t o  
a l i m i t e r ,  i n  t h a t  i t  suppresses  t h e  lower level  s i g n a l s  i n  t h e  
presence of  t h e  s i n g l e  d e s i r e d  h i g h  l e v e l  s i g n a l .  

F i g u r e  H2 i s  a block diagram of  t h e  BVS, FSK, and doppler  re- 
c e i v e r  demodulator.  Funct iona l  c i r c u i t r y  r e q u i r e d  f o r  t h e  recov-  
e r y  o f  t h e  FSK command tones  i s  t h e  same a s  used i n  t h e  b a s e l i n e  
system except  f o r  t h e  f a c t  t h a t  t h e  l o c a l  o s c i l l a t o r  i s  der ived  
by m u l t i p l y i n g  t h e  v o l t a g e  c o n t r o l l e d  c r y s t a l  o s c i l l a t o r  (VXO) 
f requency by 20.  T h i s  VX0,;when n o t  locked o n  t h e  s i g n a l  from 
t h e  s p a c e c r a f t ,  i s  frequency s t a b i l i z e d  by a l o c a l  c r y s t a l  w i t h  
a s t a b i l i t y  o f  1 x The VXD i s  f r e e d  from l o c a l  c r y s t a l  f r e -  
quency c o n t r o l  when e i t h e r  t h e  lock  s t a r t  command from FSK tone  
demodulator i s  a c t i v a t e d  by t h e  presence o f  a command tone  o f  
adequate  l e v e l  o r  by a n  incoming s p a c e c r a f t  s i g n a l  a t  a f requency 
c l o s e  t o  t h a t  o f  t h e  VXO. When r e l e a s e d  by t h e  l o c k  s t a r t  com- 
mand, t h e  VXO w i l l  be p u l l e d  toward and phase locked t o  f requency 
F der ived  from t h e  s p a c e c r a f t .  (A f requency s e a r c h  c a p a b i l i t y ,  
n o t  shown, i s  r e q u i r e d  due t o  t h e  frequency u n c e r t a i n t i e s  o f  t h e  
t r a n s m i t t e r  and r e c e i v e r  and doppler  .) 

A f t e r  l o c k ,  t h e  l o c a l  o s c i l l a t o r  s i g n a l  20 F w i l l  c o n t a i n  
20/21 o f  t h e  incoming doppler  s h i f t ,  and t h i s  doppler  w i l l  be sub- 
t r a c t e d  from t h e  incoming doppler  so  t h a t  the doppler  conta ined  
i n  t h e  FSK s i g n a l ,  a t  t h e  i n p u t  of  t h e  FSK f i l t e r s ,  w i l l  be re- 
duced by a f a c t o r  of  21.  When t h e  doppler  system i s  locked up, 
t h e  FSK s i g n a l s  w i l l  be centered  i n  t h e  FSK mark and space band- 
pass  f i l t e r s .  A l o c k  i n d i c a t i o n  b i n a r y  l e v e l  i s  provided o u t  o f  
t h e  doppler  demodulator t o  t h e  BVS d a t a  system t o  i n h i b i t  t h e  
s t o r i n g  o f  doppler  d a t a  u n t i l  t h e  doppler  r e c e i v e r  demodulator 
i s  locked .  The 20 F l o c a l  o s c i l l a t o r  s i g n a l  i s  mixed w i t h  a l o c a l  
c r y s t a l  o s c i l l a t o r  o p e r a t i n g  a t  a f requency approximately 20 F -I- 
15  kHz. The o u t p u t  o f  t h i s  mixer i s  a 15  kHz s i g n a l ,  which may 
be s h i f t e d  13.5 kHz due t o  doppler ,  t h e  s p a c e c r a f t  o s c i l l a t o r  
d r i f t ,  and t h e  r e c e i v e r  c r y s t a l  o s c i l l a t o r  d r i f t .  T h i s  s i g n a l  i s  
used by the frequency modulation d i s c r i m i n a t o r  t o  g e n e r a t e  an o u t -  
pu t  analog v o l t a g e  w i t h  a l e v e l  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  i n p u t  
f requency.  A s  shown i n  t a b l e  H1 ,  t h i s  technique  y i e l d s  a d a t a  
s i g n a l  o f  extremely low accuracy because t h e  combined frequency 
d r i f t  o f  t h e  o s c i l l a t o r s  i n  t h e  s p a c e c r a f t  and BVS appear  t o  t h e  
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FM d i s c r i m i n a t o r  the same a s  a d o p p l e r , s i g n a l  and can reduce t h e  
accuracy o f  the doppler  measurement by 50%. Therefore ,  t h i s  tech-  
n ique  i s  b e s t  s u i t e d  f o r  doppler  r a t e  o r  d e l t a  doppler  measure- 
ments because d e l t a  v a l u e s  a r e  based on s h o r t - t e r m  s t a b i l i t y .  

ONE-WAY DOPPLER FROM BVS TO SPACECRAFT 

The techniques  used i n  t h i s  approach a r e  i d e n t i c a l  t o  t h o s e  
descr ibed  i n  the previous  s e c t i o n  f o r  t h e  one-way doppler  from 
t h e  s p a c e c r a f t  t o  BVS. The advantage i s  t h a t ,  w i t h  t h i s  approach, 
i t  i s  n o t  necessary  t o  t r a n s m i t  t h e  r e s u l t a n t  doppler  d a t a  meas- 
urement back t o  t h e  s p a c e c r a f t  from t h e  BVS. Therefore ,  i t  does 
n o t  s u f f e r  t h a t  a d d i t i o n a l  d e t e r i o r a t i o n  i n  d a t a  accuracy.  How- 
ever,  t h i s  d e t e r i o r a t i o n  i s  extremely smal l  compared t o  i n h e r e n t  
e r r o r s  a s s o c i a t e d  w i t h  o s c i l l a t o r  i n s t a b i l i t i e s .  A disadvantage 
f o r  t h i s  approach occurs  when t h e  BVS t r a n s m i t t e r  "on" t i m e  i s  
l i m i t e d  t o  a f r a c t i o n  of t h e  t o t a l  view t i m e  f o r  a pass  because 
measurements can b e  made f o r  o n l y  a small  p o r t i o n  of t h e  doppler  
S curve.  

TWO-WAY DOPPLER SPACECRAFT TO BVS TO SPACECRAFT 

Fundamentally t h i s  technique  i n v o l v e s  t h e  use of  two one-way 
doppler  systems o p e r a t i n g  back t o  back. The except ions  being 
t h a t  t h e  c a r r i e r  frequency o f  t h e  BVS t r a n s m i t t e r  i s  der ived from 
t h e  s p a c e c r a f t  t r a n s m i t t e r  s i g n a l  by phase locking  t o  i t  i n  t h e  
BVS r e c e i v e r  and us ing  t h e  l o c a l  mixer o s c i l l a t o r  s i g n a l  of  t h e  
BVS r e c e i v e r  a s  t h e  BVS t r a n s m i t t i n g  c a r r i e r .  Also,  t h e  doppler  
measurement i s  made much more a c c u r a t e l y .  The t r a n s m i t t e r  b lock  
diagram shown i n  f i g u r e  H 1  i s  a p p l i c a b l e  a s  t h e  two-way doppler  
s p a c e c r a f t  t r a n s m i t t e r  w i t h  t h e  a d d i t i o n  o f  us ing  t h e  2 1  F c a r -  
r i e r  a s  shown i n  t h e  f i g u r e .  The o u t p u t  o f  t h i s  m u l t i p l i e r  i s  
used a s  t h e  frequency comparator f o r  determining t h e  doppler  s h i f t  
o f  t h e  incoming BVS s i g n a l .  

F igure  H 3  i s  a block diagram o f  t h e  BVS r e c e i v e r  and demgdu- 
l a t o r  f o r  two-way doppler  o p e r a t i o n .  I t  i s  s i m i l a r  t o  t h e  one- 
way doppler  system except  t h a t  i t  does n o t  use a mixer and FM 
d i s c r i m i n a t o r  f o r  f requency d e t e r m i n a t i o n  a t  t h e  BVS. The l o c a l  
VXO i s  phase locked t o  t h e  incoming s i g n a l  and, i n  t h e  process ,  
g e n e r a t e s  t h e  20 F s i g n a l  t h a t  i s  used a s  t h e  incoming l o c a l  mix- 
er o s c i l l a t o r .  I n  a d d i t i o n ,  t h i s  20 F i s  used a s  t h e  c a r r i e r  
frequency f o r  t h e  BVS t r a n s m i t t e r  a s  shown i n  f i g u r e  H 4 .  
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I 
T h i s  20 F s i g n a l  i s  modulated by t h e  BVS d a t a  i n  t h e  same manner 
t h a t  t h e  s p a c e c r a f t  t r a n s m i t t e r  o p e r a t e s .  The o p e r a t i o n  o f  t h e  
doppler  f requency measurement performed i n  t h e  s p a c e c r a f t  i s  
shown i n  f i g u r e  H5. The rece ived  20 F s i g n a l  con ta in ing  doppler  
from t h e  BVS i s  mul t ip l i ed  w i t h  t h e  l o c a l  s p a c e c r a f t  2 1  F s i g n a l  
and t h e  ou tpu t  of  t h i s  mixer i s  used t o  provide one of t h e  i n p u t s  
t o  t h e  quadra tu re  demodulator.  The o t h e r  se t  o f  i n p u t s  t o  t h i s  
demodulator i s  s p a c e c r a f t  F s i g n a l  fed t o  one balanced demodulator 
90" o u t  o f  phase w i t h  t h e  inpu t  t o  t h e  o t h e r  one .  The o u t p u t s  
of  t h e s e  two mixers a r e  pu l ses  a t  twice t h e  doppler  r a t e .  The 
p u l s e s  from t h e  two mixers w i l l  be e i t h e r  590' wi th  r e s p e c t  t o  
each o t h e r  depending on whether t h e  doppler  f requency i s  p l u s  o r  
minus. Thus, doppler  p o l a r i t y  i s  determined by t h e  use  of  t h e  
A and B g a t e s  shown i n  t h e  f i g u r e ,  and t h e  p o l a r i t y  d e t e c t o r .  
The ou tpu t  o f  t h e  p o l a r i t y  d e t e c t o r  w i l l  e i t h e r  be a 1 o r  a 0 
l e v e l  depending on whether t h e  doppler  frequency i s  p l u s  o r  minus 
w i t h  r e s p e c t  t o  t h e  o r i g i n a l  c a r r i e r  f requency.  The doppler  pu l se s  
a r e  a l s o  fed t o  an  AND g a t e  i n  t h e  doppler  f requency measurement 
s e c t i o n .  Another i n p u t  t o  t h i s  g a t e  i s  from a f l i p - f l o p  t h a t  i s  
a c t i v a t e d  by 1 - sec  c lock  pu l ses  a f t e r  a count  ready command i s  
r e c e i v e d ,  A f t e r  s t a r t i n g  count ,  doppler  pu l se s  a r e  fed t o  t h e  
1 5 - b i t  r e g i s t e r ,  dur ing  t h e  count pe r iod ,  which w i l l  be e x a c t l y  
1-sec  increments  a s  determined by t h e  l o c a l  1-sec  c lock .  When 
t h e  count per iod i s  complete,  a readout  ready  l i n e  i s  a c t i v a t e d ,  
which n o t i f i e s  t h e  s p a c e c r a f t  d a t a  system t h a t  i t  can proceed t o  
read  ou t  t h e  d a t a  s t o r e d  i n  t h e  r e g i s t e r .  The re fo re ,  each meas- 
urement i s  contained i n  a 1 6 - b i t  word -- 1 b i t  f o r  p o l a r i t y ,  15 
b i t s  f o r  f requency.  The accuracy o f  t h i s  measurement i s  k4 dop- 
p l e r  c y c l e .  I n  t h e  event  t h a t  t h e  doppler  f requency passes  through 
ze ro  du r ing  t h e  per iod  of  t h e  count  and t h e  p o l a r i t y  d a t a  ou tpu t  
l i n e  changes s t a t e ,  t he  r e g i s t e r  is  r e s e t  and a recount  s t a r t e d  
on r e c e i p t  o f  t h e  nex t  1-sec  c lock  p u l s e .  

TWO-WAY DOPPLER AND RANGING 

When ranging  c a p a b i l i t y  is  provided, i t  i s  used i n  a d d i t i o n  
t o  t h e  two-way doppler  technique  descr ibed  i n  t h e  previous sec-  
t i o n .  A PN ranging  code i s  used t o  phase modulate t h e  FSK s i g n a l  
generated by t h e  s p a c e c r a f t .  The per iod of  t h e  ranging  code must 
be  g r e a t e r  i n  t i m e  t han  t h e  t o t a l  p ropagat ion  t i m e  from t h e  space- 
c r a f t  t o  BVS t o  s p a c e c r a f t  p lus  any t i m e  de l ays  t h a t  occur  i n  t h e  
system, I n  t h i s  case ,  f o r  i l l u s t r a t i v e  purposes ,  t h e  ranging  
code per iod has  been s e l e c t e d  t o  be 1.09 sec. The range r e s o l u -  
t i o n  requirement  o f  +500 m d i c t a t e s  t h e  minimum period o f  1 b i t  
o f  t h e  ranging  code r equ i r ed  t o  achieve  t h i s  r e s o l u t i o n .  
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T h i s  r e s o l u t i o n  i s  provided by us ing  t h e  0.01 F component f o r  t h e  
phase locked loops  i n  t h e  BVS and s p a c e c r a f t  r e c e i v e r s  t o  l o c k  
upon. 

F igu re  H6 i s  a b lock  diagram o f  t h e  s p a c e c r a f t  t r a n s m i t t e r  
used f o r  t h e  ranging  and doppler  system. FSK ou tpu t  from t h i s  
t r a n s m i t t e r  i s  t h e  same a s  t h a t  provided i n  one- and two-way dop- 
p l e r  systems.  However, due t o  h ighe r  f requency s idebands gener-  
a t ed  around each o f  t h e  FSK f requenc ie s  by t h e  ranging  code it i s  
necessa ry  t o  d e l e t e  t h e  r e l a t i v e l y  narrow bandpass f i l t e r s  used 
i n  t h e  prev ious  techniques  and r e p l a c e  them by a phasing type  o f  
s i n g l e  sideband FSK gene ra t ion  scheme. The F frequency ou tpu t  
from t h e  c r y s t a l  o s c i l l a t o r  i s  d iv ided  by 100. Th i s  0.01 F s i g -  
n a l  i s  phase modulated k22.5" by t h e  ranging  code. The phase 
modulated ranging  code i s  fed  d i r e c t l y  t o  one of  t h e  balanced 
modulators and i s  considered a 0 "  r e f e r e n c e  0.01 F s i g n a l .  
ou tpu t  o f  t h e  phase modulator is  a l s o  fed t o  a 90" phase s h i f t e r  
and then  b iphase  modulated by t h e  command d a t a  s e r i a l  b i t  s t ream. 
Th i s  then  gene ra t e s  a 0.01 F s i g n a l  t h a t  i s  be ing  changed from 
+90 t o  -90° by t h e  d a t a  modulation. Th i s  s i g n a l  i s  used i n  t h e  
o t h e r  balanced modulator.  The ou tpu t  o f  t h e  c r y s t a l  o s c i l l a t o r  
i s  mul t ip l i ed  by 21, and t h i s  s i g n a l  t hen  used a s  the  o t h e r  i n -  
p u t s  t o  t h e  two balanced modulators ,  one o f  which i s  s h i f t e d  90' 
a s  shown.in t h e  f i g u r e .  The o u t p u t s  o f  t h e  two balanced modula- 
t o r s  a r e  l i n e a r l y  combined and passed through t h e  21 F bandpass 
f i l t e r ,  The e f f e c t  o f  t h e  phase change by t h e  command d a t a  i s  t o  
cause  t h e  summing o f  t h e  o u t p u t s  o f  t h e  two balanced modulators 
t o  gene ra t e  an  FSK s i g n a l  w i t h  t h e  range code phase modulation 
impressed on i t .  

The 

The BVS r e c e i v e r  and demodulator used f o r  ranging  and doppler  
i s  t h e  same a s  shown i n  f i g u r e  H3. Note, however, t h a t  u n l i k e  
t h e  "doppler  only" case ,  a t  t h e  ou tpu t  of  t h e  phase modulated de- 
modulator,  P, t h e  ranging  code is p r e s e n t .  

The range code demodulator and r e g e n e r a t i o n  u n i t  au tomat i ca l ly  
and s e q u e n t i a l l y  a c q u i r e s  t h e  c lock  component and each of  t h e  
t h r e e  a c q u i r a b l e  subsequences o f  t h e  code assuming a sequence o f  
combined a c q u i r a b l e  PN codes having a c lock  component ( r e f .  H l ) .  
T h i s  r e su l t s  i n  t h e  r e g e n e r a t i o n  o f  t h e  ranging  code which i s  used 
t o  modulate t h e  r e t u r n  l i n k  t o  t h e  s p a c e c r a f t  i n  t h e  same manner 
t h a t  t h e  ranging  modulation was appl ied  t o  t h e  s p a c e c r a f t  t r a n s -  
m i t t e r .  

The s p a c e c r a f t  range  code demodulator and r e g e n e r a t i o n  u n i t  
a s s o c i a t e d  w i t h  t h e  r e c e i v e r  s i g n a l  a t  t h e  s p a c e c r a f t  bs i d e n t i c a l  
t o  t h e  BVS u n i t  except  t h a t  a counter  i s  added t o  record  t i m e  
d e l a y  i n  microseconds between i d e n t i c a l  s t a t e s  o f  t h e  t r ansmi t  
code gene ra to r  and t h e  r e c e i v e r  code r e g e n e r a t o r .  
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Acqu i s i t i on  times a s s o c i a t e d  w i t h  t h e  doppler  and ranging  sys-  
t e m  a long with t h e  code c h a r a c t e r i s t i c s  a r e  shown i n  t a b l e  H3. 
Note t h a t  a nominal a c q u i s i t i o n  per iod  for r ang ing  i s  approxi- 
mately 49 sec ,  i nc lud ing  frequency sea rch ,  c a r r i e r  l ock ,  c lock  
a c q u i s i t i o n ,  and three-component range  code a c q u i s i t i o n  a t  bo th  
ends of  t h e  l i n k .  

Because t h e  t i m e  i s  based on t h e  S/N r a t i o  a v a i l a b l e  a t  t h re sh -  
o l d  f o r  t h e  FSK d a t a  l i n k  i t  can  b e  assumed t h a t  a c q u i s i t i o n  of  
t h e  code and measurement of  range  can e a s i l y  be  accomplished dur -  
i n g  t h e  f i r s t  minu te .o r  so o f  t h e  communications pass .  
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St/NB = X 1: 

4 .o 7.97 10-4 

2.8 5.59 

2.6 5.20 1 0 - ~  

TABLE liI3. - ACQUISITION TIME RANGING CODE 

T o t a l  time/ 
component, s e c  

0.121 

0.583 

1.43 

Required e r r o r  p r o b a b i l i t y  = System N/% = -169.5 d%m 

P2 5 47 

P3 =: 103 

Signa l  s t r e n g t h  = -132.5 dBm 

5.55 

6.69 

Code c h a r a c t e r i s t i c s :  Each element a c q u i s i t i o n  
t i m e  = P (log, P) T (4 )  

Maximum range = 328 000 km 
Code l e n g t h  = 164 000 krn 
Code components = 11,47,203 
Cross  c o r r e l a t i o n  - 1 / 2  
Clock frequency = 48.8 kHz 

Number o f  

P I  = 11 

a 

i s  es t imated  t o  r e q u i r e  an a d d i t i o n a l  22 s e c  each way, assuming 
a sea rch  r a t e  of 2 . 5  kHz f o r  the  c a r r i e r  and 1 s e c  c l o c k  acqui -  
s i  t i o n .  

Does not  i nc lude  two-way c a r r i e r  and c l o c k  a c q u i s i t i o n  t i m e  t h a t  

cL_ Note: Two-way a c q u i s i t i o n  ------- ~ 2 (2.134) s e c  
Two-way c a r r i e r  and c lock  - 2 (22.0) s e c  

T o t a l  two-way a c q u i s i t i o n  
t i m e  ( i n c l u d i n g  c a r r i e r  and 
c lock  a c q u i s i t i o n )  49 s e e  

16 1 


